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I. Historical background 


The idea of devising a digital computer first came to head in 1955. It 
was two years earlier in 1953 that instruction of switching technics was taken up 
in the curriculum of the Chair of Wired Telecommunication of the Polytechnical 
University, Budapest, and soon the need was greatly felt for having some sort 
of an equipment on hand, suitable for the practical demonstration of switching 
operations. Consequently, the principles to be embodied by this new design 
had to be mainly didactic ones. In addition it was thought appropriate that 
the new computer should be so designed as to allow other chairs of the Uni- 
versity to refer any particular mathematical problems of their own sphere 
to the computer for handling. 


Before taking up actual design work a number of points had to be made 
clear. The Hungarian Academy of Sciences offered its help to the promoters. 
For both capacity and dimensions the computer had to be designed with due 
regard to the limitations set by the amount at disposal. Moreover, the pro- 
moters of the digital computer had also to bear in mind that it was the Academy 
itself that had already commissioned its own Institute of Cybernetic Research 
to construct a computer. Substantial assistance had been extended to this 
Institute, mainly in the form of informative Soviet matter. Here the guiding 
principle was that the computer should be large enough to satisfy the country’s 
need for calculations, mainly in the sphere of economics, for many years to 
come. With these considerations in mind the decision was thought appropriate, 
that in case of the University’s computer, the components produced in 
Hungary in bulk should be given preference. At that time manufacture of 
electronic apparatus and assemblies had not yet been taken up by the Hungar- 
ian industry, so that even for the equipment of the Institute of Cybernetic 
Research the majority of assemblies and components had to be brought from 
the Soviet. On the other hand, production of electromagnetic relays for tele- 
phone exchange equipment was at that time already established since several 
decades. Undoubtedly, computers may be built up of any two-valued elements 
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such as relays are. However, by resorting to this expedient, the designers of 
the computer had from the very outset reconcile themselves to a lower spece 
of operation inherent to relay type equipment, inasmuch as a computer incor- 
porating electromagnetic relays only would work much slower than one com- 
posed of electronic units. Still when it was remembered that the computer 
would mainly serve purposes of instruction, and would be called upon for no 
special works, then in the opinion of the designers lower speed meant no partic- 


ular disadvantage. 


Fig. 1. Overall view of the computer 


The use of relays of home manufacture, as a matter of course, entailed 
that the circuit had also to be developed at home. Although foreign circuit 
diagrams were also accessible, still their use was prohibited by the fact that 
these circuits were based on relays of altogether different operational charac- 
teristics. Also the designers were fully aware of the fact that circuit diagrams 
by themselves meant little or nothing in the line of assistance without their 
associated specifications. As for relays of home manufacture, since each type 
of relay had its own specific time of operation assigned to it, the rather 
convenient decision was taken to adopt the cheapest type, i. e. Type ‘“*R”, 
of relays for the circuits of the digital computer. 

Circuit design work was entrusted to a single person, who did the work 
in his spare time. Consequently, this part of the work could not be completed 


1* 
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Fig. 2. The three relay cabinets 


Fig. 3. Control desk of the computer 
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earlier than the spring of 1957. Assembly, cabling, and soldering were finished 
in the beginning of 1958, while electrical tests required a subsequent period 
of about a year. These comparatively long delays in the execution of the project 


Programsheet 
Equipment 


Typewriter 


eel 


Battery Supply Control Desk Relay Cabinets 


Fig. 5, Layout diagram of the equipment 


were due mainly to the circumstance that only single persons who were actu- 
ally working on the computer, and even these only in their spare time. 
Nevertheless, by the end of 1958 the computer could be completed, and 
in the current, 1959, year it was already used for demonstration purpede 
moreover a number of calculating problems were already referred to it. 


THE NEW DIGITAL COMPUTER 325. 


Since this was the first electrical computer of the University, 
it was given the code designation MESZ I. An overall view of the computer 
may he seen on the attached photograph Fig. 1. Other details are displayed 
in Figs. 2, 3, and 4, while Fig. 5 shows the schematic layout diagram of the: 
computer with the main dimensions in the drawin 


go. 


to) 


Il. Principal features of the equipment 


In principle, Equipment MESZ I is a programme controlled automatic 
digital computer built up of electromagnetic relays and operating on the binary 
system. After the basic data have been introduced the equipment performs 
all operations in a wholly automatic manner without any external aid, and 
causes the results to be typed out by a conventional office typewriter fitted 
with actuating magnets. In principle, MESZ I is capable of perform- 
_ ing any operation otherwise assigned to large electronic computers. However, 
owing to the restricted capacity of its memory units, for practical purposes 
an upperlimit had to be set to the volume of tasks which could be entrusted 
to the computer. 

The complete equipment is assembled of three parts, viz.: 

a) The control desk. 

b) The calculator unit, composed of three cabinets fitted with relays. 

c) The rectifier unit for power supply. 


a) The control desk 


The control desk accommodates the programme reading device. This 
device is substantially a field of contacts, on which certain groups of combina- 
tions of contacts can be earthed according to a pre-arranged pattern of perfora- 
tions punched in a chart, made of insulating material. To each of the calcula- 
tions individual perforated charts have been assigned with the instructions 
the equipment has to execute in order to solve a specific problem. Thus e.g. 
a mixed quadratic equation has such a chart associated with it, which, when 
inserted into the contact field pre-determines a set of operations the computer 
will actually have to perform in a legitimate sequence. Then at the end of this 
set of operations the two radices of the equation will be obtained as results, 
and typed out on the typewriter. 

The basic data are fed into the computer by means of a set of keys. 
In addition to the keys associated with the ten digits of the decimal system, 
each key has been provided to indicate the negative sign, the decimal point, 
and the end of the digit. 

Mounted on the control desk there is a conventional typewriter as used 
in offices. This typewriter records both the data introduced into the computer 
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and the results obtained from the process of calculation, on a blank sheet of 
paper. Actuating magnets have been fitted under the keys required for the 
communication of information and results. The magnets themselves are 
actuated by the calculator itself in a pre-determined sequence. 


b) The calculator 


This unit incorporates close to 2000 relays distributed over three cabi- 
nets. All relays are of uniform design, i. e. type ‘“‘R” relays as manufactured 
by the Beloiannis Telecommunication Factory are used throughout. As for 
contact combinations and windings the close to 2000 relays include ten varieties 
only. The relays are mounted on twelve panels of uniform design. This number 
of panels is given by the pre-determined functions assigned to each individual 


panel. 


c) Mains rectifier unit 


The mains rectifier unit supplies the d. c. power required for the opera- 
tion of the equipment, i. e. 60 volts, the power consumption on the d. ¢. side 
being 600 to 800 watts. For signalling purposes conventional switchboard 
lamps as known in telephone switchboards are used. These too are lighted 


with 60 volts d. c. 


* 


Each type of computer has a characteristic system of commands of its 
own allotted to it. Computer MESZ I is a single-address equipment, i. e. a single 
command indicates the address of a single memory unit only. Operations with 
two or more digits demand two or more commands, as the case may be. As 
regards design a single-address equipment is by far simpler than any of the 
frequently occurring double-address computers. 

A single command having a row of twelve contact points associated 
with it on the programme chart, containing two informations, viz.: 


1. the type of operation to be performed, and 
2. the memory unit in which the digit allotted to the operation is stored. 


These two data are recorded on the programme chart in the form of 
a binary code. Since the elements are of the two-valued type, out of the twelve 
points of a row with combinations of five 


PATE =o W4 
different operations may be performed, while with the combinations of seven 
27 == 128 


memory units may be marked out. 
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‘Fhe maximum number of commands that may be registered on a pro- 
gramme chart is 45. When for the solution of a specific problem, commands 
in excess of this number are required, then depending on the actual number 
of commands, two or even more programme charts will have to be drawn up. 
As the computer is capable of storing all data in a manner independent of the 
programme charts, the charts may be exchanged while calculations are in 

_ progress. 

Equipment MESZ I operates on the binary system. The basic data are 
introduced into the computer on the decimal system, and then translated auto- 
matically into a binary code. Re-conversion of the binary results to the decimal 
system automatically takes place in the same way. The results are then typed 
out in the decimal system. 

As regards the number of memory units, the equipment in its actual 
design is still rather modest. Since owing to the limitations set to the dimen- 
sions the designers had from the very outset to waive the idea of using electro- 
magnetic and electronic components in conjunction, relays having been em- 
ployed also for the storage of information. One of the three cabinets of the com- 
puter was earmarked in its entirety for information storage, so that there are 
twelve memory units for digit storage, while a definite number of fixed memory 
units were assigned to storing certain numbers of particular importance, 
a few frequently recurring fractions, furthermore the values of x and e, and 
of certain logarithms. All these are, of course, stored in the binary system. 

Corresponding to decimal numbers of eight digits the computer operates 
with binaries of 27 digits. In the memory units the digits are represented by 
floating binary points, the relays determining the order of magnitude giving 
the first ‘“‘unit”’ of the number expressed in the form of different powers of two. 

On assembling and cabling the panels the conventional methods, as 
used for the bays of telephone exchange equipment, were applied throughout. 
Between both the panels and the cabinets terminal strips were inserted, 
mainly to facilitate cabling, soldering, and failure tracing. 

In its present design the computer contains parts and components repre- 
senting an overall value of roughly one hundred thousand florins. Labour 
invested in the construction of the equipment expressed in the number of 
hours spent, adds up to the following figures : 

1500 hours 


Development ........-.- ee rae eae vie ieee 
Engineering and draughting .........-- T200s ss. 
Installation, cabling, soldering ......-.. 1500ie; 
Electrical testing .......--++++eeeeeee 1400 _ Ss, 
400s, 


Sundry work in UNG) ater yn Saeed eae NO 
Grand total of labour ...-.---++++++> 6000 hours 
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III. General principles of operation 


A description of the method of operation of the computer is given here 


on hand of the block schematic in Fig. 6. 
The three assemblies accommodated on the control desk have been given 


designations as distinct from those of the panels of the relay cabinets. The 
three assemblies are as follows : 

1. the “‘carry-in’”’ keyboard, 

2. the typewriter, and 

3. the programme chart assembly. 


Programsheet 


Y-2 
Controller 
Pp 
Program Scanner 


Ky-2 eA 
Converter Arithmetical Unit 
/ 
Director j 


Th-4 
Storers 


CALCULATOR 


— eee CLL 


Fig. 6. Block schematic of the equipment 


The twelve panels in the three relay cabinets have been designated with 
a capital letter each, t.e. the abbreviated symbolism expressing their respective 
functions : 


K,_, Converter (translator) units 
A,_, Arithmetic units 
V,_, Control units 
ns Director unit 
ti Programme reader unit 
T,-, Memory (storage) units 

The constants of any problem are introduced into the equipment by 
means of a set of keys, and are then received in the converter unit. The end of 
the digits of a number is indicated by momentarily depressing key ‘“Carry-in”. 
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In response to the depression of this key circuit K,_., translates the decimal 
number fedinto the equipment into a number of the binary system, and 
advances this binary number over I to one of the memory units. 

For conversion the known method of halving-doubling has been adopted. 
Panel K, is equipped with two halving, panel Ky with two doubling circuits.. 
The first halving circuit of K, receives the integers, the first doubling circuit 
of K, the decimal fractions. At signal ‘‘Carry-in” the halving circuits begin 
to halve, while the doubling circuits begin to double, among themselves. At 
halving odd numbers the residual units are passed on by K, to the register 
of circuit V,, in the binary code. Similarly at doubling performed by K, the 
resultant integer “‘units” represent the values of the decimals in a binary code. 
Halving and doubling continue as long as the number to be converted has. 
been exhausted, i.e. when K, and K, become vacated, or else the operation is. 
stopped automatically when 27 doublings have been completed, this being the 
capacity of the memory units. (On the halving side a number of eight decimal’ 
digits will become exhausted anyway when 27 halvings have taken place.) 
The units produced by K, are advanced to the register of V,. 

In Appendix 5 the block schematic of conversion is shown, and the- 
operation is illustrated by numerical examples. 

The number thus converted into a binary expression now advances to 
the memory unit over units 4,_,, where when necessary it is rounded off 
before being stored. As a matter of fact the majority of numbers having a por- 
tion of decimal fractions may have 27 binary digits after translation, and, con-- 
sequently, when such numbers have a portion of integers, then in the binary 

_code there may be more than 27 digits, whereas the memory units were designed 
for a storage capacity of only 27 digits. Rounding off is performed in such 
a way that unit A adds unity to the value of position 28. This addition of 
unity will be ineffective whenever there is zero in the 28th position. On the 
other hand, unity is added to the number of 27 binary digits whenever there is 
unity in the 28th position. The binary number thus rounded off is then trans-- 
mitted over the J director to the memory unit. 

In the memory unit the binary number is stored in two parts. As a first 
stage the memory unit will store the possible number in the binary code 
of 27 digits, and then the memory unit will be informed by I of the order of” 
magnitude of the number, i.e. the value of the first ‘‘unit” expressed as 
a power of two. Each memory unit is equipped with six elements for storing 
the order of magnitude (i. e. in principle the order of magnitude of any number 
in the binary code may actuate 2° = 64 position values, however, actually 
only 54 values). 

The translator (converter) then advances the digits simultaneously with 
the ‘“‘carry-in” to the typewriter in order to fix on paper the starting data, 1. e.. 


the constants. 


330 L. KOZMA 


The final results of calculation, or any intermediate information, may 
then be “carried out” on the equipment. Since any number to be carried out 
on the computer is expressed in a binary code, the results will first have to be 
converted into the decimal system. This conversion takes place in the same 
translating circuits as have taken part in the conversion to the binary code. 

Panel P is essentially an electrical sequence switch, activating the instruc- 
tions stored simultaneously in the programme chart by discrete steps. After the 
starting data are introduced into the equipment, key ‘Start of calculation” 
has to be operated for a moment. On depressing this key circuit P carries out 
the first instruction of the programme chart. As has already been explained, 
this programme chart contains two informations, viz. the type of operation 
the computer has to perform, and, secondly, the storing place of the digit to 
be used for the operation. The instruction for operation is forwarded to control 
circuit V, which in turn signals to all other circuits the action they have to take 
‘in order to perform the operation. The programme chart further specifies 
the memory unit to be connected for the purpose of the operation to be 
performed, 

Panel I constitutes a link between the memory units and the acting 
civcuits K, 5, A,_», and V,_,. While the digits are stored with floating binary 
points in the memory units, the binary points are allotted a fixed point in 
the three acting circuits. The director is set by the order of magnitude. 
‘This director is essentially a switch having 27 branches and 54 positions built 
up of relays, and controlled on the binary system. The number stored in the 
memory unit and formed of a maximum of 27 digits passes over this director 
to the acting circuits, where it occupies a position corresponding to its real 
value on both sides of the binary point. Circuit J is a two-way circuit whose 
function is to take care of the transmission of the digits to the memory units 
in a correct manner. 

The arithmetical unit of fixed binary points has a specific importance 
frem didactic considerations. During tuition the operation of the calcalator 
may be slowed down by means of a set of special keys to any desired speed, 
so that partial results may at any time be visualized, and also the momentary 
condition of control observed. 

The function of control circuit V is, after collecting the operation instruc- 
tions, to set all circuits in a condition suitable for the performance of the 
‘operation indicated. The functions of circuit V are decisively determined by 
the circumstance that the equipment is of the singleaddress type. 

Arithmetical unit A is by itself capable of performing addition only. 
Substraction is in principle a complementary addition, and for operations includ- 
ing a set of additions, such as multiplication, division, extraction of roots, 
circuit V assumes the functions also of the sequence switch. Thus e. g. prior to 
multiplication the factor is passed on to circuit V, and in turn during multipli- 
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cation the circuit advances the multiplicand as many times from the memory 
‘unit in the direction of A as there are “units”? in the factor. Naturally, the 
circuit will in every case have in mind the order of magnitude of the multipli- 
cand, and that of the unit actually multiplying. At multiplication it is cirenit 
V which actually takes care of the addition of the different orders of magnitude, 
and at division of the subtraction of the orders of magnitude of the dividend 
and divisor. This will then determine the binary position value of the quotient. 
Extraction of roots is essentially a division, and only the value of the divisor 
changes, dependent on the value of the root already determined. 

To sum up, the function of unit Vis to cause the four rules of arithmetic 
to be performed in accordance with the instructions received. When any one 
instruction has been carried out, then V passes a signal on to P, in response 
to which P activates the set of instructions next in order of sequence on the 
programme chart. Consequently, instructions will issue to V to perform another 
set of operations. This cycle will then be repeated until all instructions on the 
programme chart are exhausted. 

The result or results are in like manner “‘carried out” on the computer 
as the execution of a command. Unit V receives a signal indicating the memory 
unit from which the number stored there should be ‘‘carried out” to the trans- 
lator. The number may in certain cases be carried out directly from A, or 

V itself as the case may be. Now K translates the binary codes into decimal 
numbers in a way that integers are doubled and fractions halved. 

In addition to adding circuit A may perform comparisons, too. The 
circuit is capable of ascertaining which of two numbers is the larger, either 
in absolute values, or by virtue of their respective signs. While calculation is 
progressing, the circuit will be able to change its operation so as to comply 
with the conditions of such a comparison : the circuit may leap to any one row 
of the programme charts, both forwards and backwards, it may skip certain 
operations which as the result of comparison appear to be redundant, or un- 
necessary, while on the other hand it will be able to reiterate a set of instructions, 
either in the pre-determined number of cycles, or as long as a certain specified 
value, e.g. a value lower than a pre-determined error value, was obtained after 
the reiterative process. The operation of a computer consists, to the major 
extent, of a set of operations reiterated in cycles of a definite pattern. Con- 
sequently the programme chart will have to be laid down in such a way that 
at the corresponding moment of the progress of calculation the computer will 
be able to make a choice of the alternatives as the function of partial results, 


on hand of such a comparison. 
E. g. on hand of formula 
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the two roots of a mixed quadratic equation may be obtained accordingly, 
as under the root there stands 


Cc 
= 
a 


Consequently, when the discriminant is a real number, the computer 
causes the values of X, and X, to be typed out, on the other hand when there 
is a negative under the root, the machine will cause the real and imaginary 
terms of the result to be typed out separately, in the form 


tas b ! 
pepe: +|/< 


; 2a 


Ge 
2 


2a 


An example of cyclic operation is offered by the solution of mixed cubic 
equations, further the calculation of logarithms as explained in Appendices 
2 and 3, respectively. 

The contact field of the programme chart has sixty rows each, formed 
of twelve contacts. However, since in addition to instructions for operations 
other indications, too, may be required, further since the programme chart 
may be used also for storing information related to the specific problem, the 
number of instructions assignable to a programme chart had to be limited 
to 45. In the event that calculation of a specific problem requires two programme 
charts, or even more, then the charts may be exchanged in a definite order, 
however, without the necessity of once again carrying inthe starting data. 


* 


So far the computer has operated in a fairly convincing manner. After 
certain errors of principle, initial faults in design and assembly could be elimin- 
ated from the equipment, it appeared that the computer could operate with 
tolerable safety for any length of time. It was found that when the equipment 
had been laid off for a few days, errors would interlope in the calculations, e. g- 
owing to corrosions and dusting. However, generally after a problem or two 
were calculated the equipment returned to normalcy, and continued in this 
state. Even when the equipment failed to resume operations in a flawless 
manner, the presence of apparatus failures could be easily detected, on the 
appearance of gross errors. Failure tracing was made easy in first order by 
making use of the delayed action features incorporated in the equipment. 
Routine examples had been worked out involving the shifting of numbers to 
and fro between the units inside the computer, when use was being made of 
each of the memory units. At the completion of each step the partial results 
were typed out. It was found that preventive maintenance and failure tracing 
were made considerably easier by applying this method. 
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A number of programme charts were drawn up, Which when calculation 
had been completed, substituted the results obtained into the original formula, 
so that any error would emerge. Even on calculations performed with a maxi- 
mum of accuracy errors would occur mainly resulting from the translation of 
fractions, and also, because during the process in unit 4 values of less than 

2-7 would overflow. 

There is a point of some importance, however, which may not be self- 
evident, and which, therefore, requires particular consideration. 

Actually telephone technics are in a state of revolutionary changes. 
These changes are closely related to the metamorphosis of switching technics 
into the science of the fundamental principles embodied by computers, and to 
the introduction of electronics into telephone technics. 

The appearance of computers has effected radical changes in the general 
outlook of telephone technics. Earlier telephone technicians were wont to talk 
of switches, their functions, dial pulses, etc., there was talk of traffic as a meas- 

-urable quantity, which might be routed or transacted at certain definable 
losses. To-day the vernacular of telephone technics has come to be the connota- 
tion of the terms of computer technics. Technicians speak of informations, their 

methods of storing, circuits have come to be based on logical relations, there 
are ‘‘And” or ‘‘Or’’ circuits, gate circuits, circuits known from pulse technics, 
while the building elements in first order are semi-conductors or ferrites. 

The Hungarian telephone industry may now look back to a past of six 
decades at least, and may be called on to lend a hand in tackling the momentous 
problems the future has in store. One of these is the development of a telephone 

exchange type built up entirely of electronic elements. Although this problem 

is being worked on within the framework of the Council of Mutual Economic 
Aid, and with the participation of the competent organs of friendly countries, 
nevertheless Hungary’s share in the work is rather substantial, and the coun- 
try’s resources are heavily taxed for both manpower and financial means. It is 
the task of the telecommunication chairs of the Technical University to take 

a hand in this work, and train a staff of highly skilled engineers equipped with 
the knowledge enabling them to stand the mettle. 

The essence of this educational work is to inculcate in the minds of those 
graduating as engineers a novel conception of switching technics. A useful aid 
in this training work is the computer just completed. By means of the computer 
solutions of certain logical problems may be visualized, and the trainees may 
then be led to look upon the new problems of telephone technics from a more 
elevated level of switching technics. They may then be convinced of imbuing 

the spirit of these new vistas opened for the art of telecommunication, and thus 

‘become equal to the duties future keeps in store tor them. 

With these considerations in mind we can only be glad that the scheme 
could be translated into physical reality. For this achievement I should like 
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to give thanks on behalf of the Chair, and also on my behalf to the Technical 
Division of the Academy, for the valuable aid extended to the promoters of 
the scheme and also for the very effective assistance of the superior authorities 


of the Polytechnical University. 


IV. Appendices 
Appendix 1 


Arithmetical unit 


An adding unit should be designed so as to conform to the block sche- 
matic in Fig. 7. Of units of this type there are 2 xX 27 inseries. Between any of 
these units and any other there is a link each. Each unit has three inputs 


(A, B, C;_,) and two outputs (S, C;_,). 


Fig. 7. Block schematic of the adding unit 


Earth appears on point C;_, of unit i coming from unit i—l, provided 
there is a carry-over. In like manner i applies earth to unit i + 1 over lead 
C;., when there is a carry-over after addition has been performed in unit i. 
A and B are the two numbers to be added, and S is the result of addition. 

Each terminal may take on two conditions, viz. they may be either 
earthed, or off earth, or, with the notation of switching algebra, their state 
may be expressed as | or 0. The conditions may be tabulated as follows : 


arc ee a i 
Inputs Outputs 


Bi S Ci 4 


c- 
2 
: 


- co KK CO KX CO KH OC 
aim Oo Oo =~ = CO CO 
eS eS SS: Oe 
=-=- oor Oo = = OC 
=) ce a a — Ei a — a —) 
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This table must be realized. With the no 


tations as used in switchine 
algebra the following may be written : ‘ 


f (s) = LBC +. ABC ss a Wie omer A BiGw 


after manipulating : 


Fig. 9. Adding unit 


vhence after transformation : 


(4B + AB) =(A + B)(A +B) =(AB + AB) 


fie A B.A BY Cy + (ABA B) Ce, 
‘he symbolic realization of this expression is shown in Fig. 8. 


f (Gi+1) = AB =} (A + B) C4 
nd transformed : 


Sep renh 


he realization of this expression completed by f(s) is shown in Fig. 9. 
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The symbolic circuit in Fig. 9 may be realized with relays as follows : 
Input C;_, and output C;,, are each split into two terminals : 


Nei Viet 
Nit Vis 


‘on which earth will appear according to, if there is or not a carry-over or | 


transfer. 


Fig. 10. Adding units with relays 


‘The functions may be written as follows : 
f(s) =(AB+ AB)N,_,+(AB + AB) V;_1 
f (Nis) = AB+ ABYV;_, 
f(Vaa) = ABE Ae 


This solution is shown in Fig. 10, in two alternatives. 
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Appendix 2 
Solution of a mixed cubic equation 


A mixed cubic equation may be written in a reduced form as follows : 
ax® + bx? + ex1+d=0 


This equation has three roots, at least one of which is a real number. 
This real root is determined by way of iteration, then with the knowledge of 
the real root the cubic equation may be reduced to a quadratic form, so that 
Bc computer will be able to calculate the other two roots simaltaneously, 
irrespective of whether they are real or conjugate complex numbers. 


Fig. 11. Form of the function of a mixed cubic equation 


An approach to the real root is by way of Newtonian iteration. The 
relation of two consecutive approximate values may be written as 


f(Xx) 


Xk+1 = Xk =3 ees 


f' (Xx) 


This cyclic operation then continues until 


where 6 is a pre-determined error value, and X, the root wanted. 
Let X, be the value where iteration starts. The first programme chart 
will then be used for determining the value of this X). When 


a >O 


then the curve for the function may be plotted as shown in Fig. 11. (When 
a< O then the expression should be multiplied by —1.) Between —oo and 
X,, or X,and-+ co the function is of the increasing monotonic type. The real 
root may then be found in either of these intervals. 
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Extreme values X, and X, are obtained by differentiating the basic equa- 
tion and making it equal to zero. Then 


3 ax? +2 bx -e= 0 


The roots of this expression may be written as 


eee bite re 
28 ag a 34a 34 


further 


which is the abscissa of the point of inflexion. 


If f (x;) > 0, then 


If | f (%) | <6, then x is the real root wanted. Iteration begins in fact at %, 
and the result of this iteration will then be x,. If x, is known, the cubic equa- 
tion may be reduced to (ax? + bx? + cx + d):(x—-x,) = Ax? 4+ Bx +C 


where 


Ged 
xX, 

Fed ae 
Xn 

ef ie eet 
Xn 


The roots of the quadratic equation will then yield the 2nd and 3rd roots of 
the mixed cubic equation, 


Appendix 3 
Calculation of logarithm 


Any decimal number may be expressed as 


N= M2 
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where 


M denotes the mantissa of the number, and 

k the binary characteristic (order of magnitude) 
log N = log M +k. log 2 

_ where necessarily 

a 


The second term on the right side is easy to deteimine, since order of 
magnitude k is the result of conversion, and this has to be multiplied by the 
binary form of the value of 


log 2 = 0.30103... 


The logarithm of M may be determined by way of the following infinite 
series : 
E 2 3 4 
Sra SST ge ae i eo 
1 2 3 4 


where, when x <1 then the series is a rapidly convergent one. 


When 


1 
x= oa (0.001 in the binary system) 
then the 8th term will read 
5 fl cr ae 
8 8} 8 


As the sum of the series of alternating signs may be written as 


and as the capacity of the computer is 27 binary digits, it will suffice to cal- 
culate the series up to the 8th term. 
Let M in its binary form be divided by numbers easy to handle, e.g. 


a= = = kai > = 1:1 in the binary form | 
2 
5 1 ; : 
p=—|=1+—=1.01 in the binary form 
4 4 
1 


ieee ce = ] + — = 1.001 in the binary form| 
8 8 


2* 
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When M > a, then by dividing 


nee 
a 
Let M, be compared with 6. When 
M,>6 
then by dividing 
M, = ues 
B 


When 
M <a, then M, ="M (oe =— 1) land 


when M,< f, then M, = M, (8 = 1) 


Similarly when 


M,>y 
then by dividing 


After one, two, or three divisions ; 


M 1 
BS === = | at 
Sa |< 8 


Then, when three divisions are to be performed 
M=aByM, 


The numbers which have not taken part in the operation are discarded. 


(= 1 and Inl = 0.) 
Accordingly, 
InM=Ina+Inf+In y+InM, 


or recast into a form suitable for programming : 
x 


1 x x3 x4 
hi Te Beal rea Fees 


The logarithm wanted will then be 


— &% 


log N= k - log2. + loge [na +In8+1n y+1n MG] 
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The approximate time required for determining the logarithm may he 
expressed as 


k + log 2 
a single multiplication 
vee M 
apy 


(two divisions, at most, suffice). 
The calculation of the 8th term of the infinite series involves eight cycles, 
each cycle representing a multiplication, division and addition each. . 
Finally, the expression in square brackets represents four additions, while 
the calculation of the final result each a multiplication and addition. 


Appendix 4 
Calculation of Erlang’s formula 


In its conventional form Erlang’s formula may be written as 


where y denotes the traffic in terms of hours, as handled by a number of 


r link circuits, and 
P, denotes the percentage of y failing to engage a link circuit im- 
mediately. 


In its conventional form the formula is not suitable for programming, 
for it may occur that 


vy > 100, and 
r >150 


i. e. y’ exceeds the capacity of the computer. * 
The terms of the formula should therefore be divided by 


we 


r! 
~ so that the formula boils down to 
1 
=e 
r =e r(r— 1) te r(r — 1)(r — 2) eects 
iy Spe ie p; 


Le 
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Programming of the nominator in this form is a simple matter, the calculation 


of each value representing a cycle each. 
From term k of the nominator (k + 1) will be derived : 


Net = Nx EE 
Sh 


E. g 
n= — Yr—2) 
So e 
ve r(r—1)(r—2) ((— 3) rr -—1I) (— 24) — 9) 
‘ ie y ie 
Finally, 
Nees Ved 
x=0 
12h. = & 
N 
Appendix 5 


Conversion by halving and doubling 


Let e.g. 87.6875 be converted. 
The integers are keyed into halving circuit F,, the fractions into doubling 
circuit D,. Fig. 12 shows how the digits vanish in course of halving and doubl- 


Fig. 12. Principle of conversion 


ing, and how the binary form 
1010111.1011 


is obtained. 
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Summary 


A concise description of the digital computer of the Chair of Wired Telecommunication 
~ at the Polytechnical University of Budapest is here, offered. This computer is an automatic pro- 
gramme controlled equipment, operating on the binary system and built up of electromagnetic 
relays. Each type of operation has been allotted a programme chart made of insulating mate- 
rial, with definite patterns punched in it, and suitable for electrical scanning. After the con- 
stants of the problem have been keyed into the computer, this will continue to operate in an 
automatic way in accordance with instructions, and cause an electromagnetically operated 
conventional typewriter to type out the results. The numbers are carried in and out in the 
decimal form, translation into, and retranslation from, the binary form being effected auto- 
matically. 
The computer was primarily designed for didactic purposes, however, it is capable of 
tackling a great variety of mathematical problems. In the appendices the programming of 
a few simple problems has been described. 


Prof. L. Kozma, Budapest, Stoczek u. 2. Hungary 
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STEINER TYPE INEQUALITIES IN PLANE GEOMETRY 


By 
E. Maxat 


Department of Mathematics, Polytechnical University, Budapest 


(Received May 17, 1959) 


In the course of an investigation into the magnitude of the principal 
frequency A of a stretched membrane of area A and periphery L, it was found 
for a convex membrane that A can be appraised by the quantities A and L. 
To pat it in more exact terms, if one seeks a solution of the partial differential 
equation 


Au-+A?u=—0 


u vanishing on the periphery of a convex plane domain D of area A, periphery 
L, the first principal frequency A satisfies the double inequality [8] 


. 


<A<3 


mS 


eet 
hg 


Apart from various applications of Courant’s principle, not easily treat- 
able in forms of concise inequalities, this double inequality is, as far as I know, 
the first simple two-sided — though admittedly not too sharp — exisiimation 
of the principal frequency of a membrane connecting it with geometrical data 
of the domain D. Moreover these data are the simplest geometrical quantities 
attached to a given plane domain. 

If one wants to get rid of the restriction of the convexity of the domain D, 
one can see by means of examples that the left-hand side of the above double 
inequality fails to hold [9]. Yet one can show that 


5 L 
A 3—. 
aS a, 
for every membrane [9 ]. 
For showing this one has to prove an elementary geometrical property 
of plane figures, or more generally, plane point sets. Though this property 
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(Theorem I of this paper) can be expressed in quite simple terms and a partial 
analogy of it for convex domains was known to J. STEINER (and proved by 
quite elementary means) about a century ago, yet the demonstration of our 
theorem presented quite unexpected difficulties, mostly of topological nature. 

These difficulties were later overcome, or rather, got round in an ingen- 
ious way by B.Sz6KEFALVI-NAGy, who gave an independent proof of Theorem 
I, to be published in the Acta Scientiarum Mathematicarum. His proof is 
self-contained, it does not rely on other results. Yet it seems worth while to 
present the following proof to show how closely the topics of this paper are 
interrelated with other investigations, notably with those of H. HapwiceEr. 


2 


The outer parallel point set S, of a closed plane point set S is defined 
-as the union of all closed circular disks of radius @ whose centres are points 
-of S. The inner parallel point set S_, (@< r where ris the radius of the greatest 
circle which can be inscribed in S) is the closure of the set of the centres of all 
those closed circular disks of radius @ which lie entirely in the interior of S. 

The point sets S we shall deal with are all closed. We suppose throughout 
the whole paper for any point set to be met with, that their area A and the 
length L of their boundaries B exist in Minkowski’s sense [10]. More precisely : 


if B’ is a part of B, then the limits! 
m 28 of BLS and lim 22° of (B, — S) 


e>+0 é e>+0 é 


exist and have the same finite value L’, the length of the part B’ of B. In 
particular 


foie ee agin = 
e> +0 € e++0 E 
We suppose further that 
Jon ES) lim Boe, (1) 
é>++0 e>+0 


1 The notations A, B, L will be used consistently in such a manner that e.g. A, means 
‘the area of the set S., L+) the length of the boundary of the set Sto, (B+ )o the boundary 
~of (S1o)o etc. Further we will denote by Cs(T) a closed circular disk of radius s, centre T. 

Other notations are as follows, If S,, S, are point sets and P a point, then 

S, + S, is the set of all those points which belong either to S; or to S,3 

S,;— S, is the set of all those points of S,, which do not belong to S,; 

S, S, is the set of all those points which belong simultaneously to S, and S, (the common 
spart of S, and S,); 

S; CS, or S,D S, means that each point of S, belongs to Sg, too 5 

PeS,, P&S, means that the point P is an element of S,, but not of S,. 


- 
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If S is a convex domain, then Steiner’s equalities hold : 


A,=A+oL+ae?; L,=L +2 ox. (2) 


Q 


In search of the extension of the validity of Steiner’s equalities, H. 
Hapwicer [4,5] defined the notions of under-convexity and over-convexity. 


_ Aclosed point set S is said to be under-convex of degree aif for any0<x< a 
_and for every point T of the plane, SC,(T), the common part of S and C,,(T) 


is void or simply connected, yet if x >a one can find at least one point T 
for which this is not true. If S is convex, its degree of under-convexity is oo. 
We may extend the definition of under-convexity to a = 0 and say that the 
domain S is under-convex of degree 0 if to every a > 0 one can find a x < a 
and a point T, so that SC, (T) consists of disconnected parts. (According to this, 
the degree of under-convexity of a non-convex polygonal domain is 0.) On 
the other hand S is said to be over-convex of degree § if S*,the closure of the 
complementary set S* of S, is under-convex of degree f. 

HApwWIGER proved that if the simply connected closed domain § is under- 


_ convex of degree a and over-convex of degree / then (2) holds for — 8B < 9 < a. 


Another result of Hapwicer [4, 5] is, that if S is a simply connected 
domain, not containing infinity, then 


aa op (3a) 


and he calls it an inequality of Steiner’s type. A similar formula follows from 


_ investigations of B. Sz.-Nacy [11] and G. Bot. [1]. They found that if S is 


a convex domain, then 


ADS A— elk ao? (0< o< 1) (3b) 


a 


| moreover L_,»§<L—20. 


In the following we shall prove aie ats 
Theorem I: If S is any simply connected domain, not containing infinity 
and subjected to the conditions given above, then 


ft 2 oe (9 <r)-(4a): i and 1, Sb -2aQ@ (o> 0) (4b) 


from which (3a) and (3b) follow for any simply connected domain by an integra- 


ee es 


tion with respect to 9.” 


2 A relation substantially equivalent with formula (4b) — which has cee gate a 
ficance in the membrane problem mentioned in the introduction — was quite recently prove 


by G. Fast [12]. 


348 E. MAKAI 


3 


Consider the open set §_, of the centres of all closed circular disks of 
radius g which lie in the interior of the simply connected plane domain a 
The set Sime may consist of several disconnected parts S49) Sos +s 
The closure of §', will be denoted by S_, and termed a component of the inner | 
parallel point set S_, of S.3 It is easy to see that any S/,is a simply connected 
domain. We prove the following 

Lemma I: if S is under-convex of degree a, then any component Se of 
S_, is under-convex of degree at least 9 + a. 

Suppose there exists a circular disk C,,,_, (O) such that S29 Cosaeesee 


consists of at least two disconnected parts. Then there are at least two arcs 


Fig. 1 


on the periphery of C,,,_, (0) which do not belong to Sa: with the exception 
of their end points. It will be shown that if S is finite then each of these arcs 
can be connected with infinity by a path not going through C,,,_.(O) i.e 
S_, is disconnected. 

For suppose the contrary. Let a be an arc of C,,, _, (O) not belonging to 
See excepted its end points M and N, from where one cannot attain infinity 
in the manner described above. M and N divide the periphery B_, of S‘, in 
two parts b and b’ one of which, say 6, has the property that the finite domain 
bounded by b, OM and ON does not contain interior points of See The half- 
ray from O, going through the middle point K of a should meet b at H. 

We define the domain 6 as the domain bounded by 6b, and the straight 
line segments OM and ON, and state that B cannot have points in the interior 
of 5—6 C, (O). For if Py were such a point, it could be connected with infinity 
by a path py having no common point with S, excepted P,. We distinguish 
two cases : 


* Of course S!, and Sip (i # j) may have common boundary points. It can be shown, 
that the number N of those points, which belong to at least two S',’s is limited and a common. 
upper limit of N and n is A/(x 0%). 
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* oan a = e (this includes the case a = 0) then OM and ON are contained 
ae ee (NV), hence no point of them is outside S and Po cannot reach 
§ ine Ak aaa and N’ be the points of intersection of OM with 
g ap — ae with C, (N). Then Po has to intersect either OM’ or ON’ 
g are in S.So po C, (0), if it exists, is not void, its points do not 

elong to S, and it divides C, (0) in at least two disconnected parts. One of 
these parts contains M’ and the other N’, as Po enters C, (O) on a point of the 
ee whose central angle is MON and leaves it finally through a point not belong- 
ing to this arc. The two points M’ and N’, both belonging to S, cannot be 
eonnected in the inside of C,(O) by a path lying entirely in C, (0). Hence 
C(O) is a disk of radius a for which SC, (O) is disconnected, contrary to our 
assumption. 


Z = % 
EZ6-68 Cc (0) PLZZ $2 lig Proms (0) 


Fig. 2 


Now we will seek a point P;, of B the distance of which from H is 0. 
We will see that such a point does not exist at all, t.e. H does not exist. We 
define the angular domain 6, as limited by the infinite rays from O, going 
through M, resp. N and containing K in its interior. P;, cannot be in 6, = 
' = 6,— 6,C,(O). For supposing the contrary, it cannot be in 6—6C, (OQ) 
so at least one interior point of the straight line segment H Py, contains 
a point H’ of S‘, which is impossible since H’ Py < ¢. 
Neither can P,, be in the interior of C,(M) orC,(N). But 6, + C, (M)+ 
_-+ C, (N) contains the interior of the parallel point set of radius g of the arc a. 
Hence Py K = e. 
| Finally let 6, be the half plane limited by the straight line going through 
-M and N and containing K. Py, ¢ 6, — 6; C,.—.(O) hence the angle HKPy 
is greater than 7/2 and as P;, K = git follows that P;, H > in contradiction 
with the definition of Py. 

If the simply connected domain S contains infinity, a similar analysis 
shows that lemma I is true in this case too. 
Recalling the definition of over-convexity we can now enounce 
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Lemma II. If S is over-convex of degree B, then any connected component 


S) of S is over-convex of degree at least 9 + . 


4 


We proceed now to the proof of formula (4a) in the case when S is under- 
convex of degree a > 0. One can construct a component of its internal parallel 
domain S_, by taking a circular disk of radius 9 lying entirely in S and mov- 
ing it continuously in every possible manner so that it remain always in the 
interior of S.(The moving disk must have no common points with B.) The part 
of the plane covered by the centre of the moving disk in its various positions 
s an open point set S_, and its closure is the component Sof S_,. The closure 
of the area covered by the whole disk is (S1,),. Clearly (S_,), c (S_,), c S- 
(Cfr. Hadwiger [3] p. 17.) 

The boundary (B,’), of (S—,), consists at least partly of points of B- 
If (B_,), has other points too, it can be shown that these consist of circular 
arcs a’,, a’,..., a’, and the length of none of these arcs is greater than 2 9. 
The parts of B not common with (B_,), will be denoted by 6y, bg,..., by 
so that 6, and a’, have common end points. The length of b, is greater than 
that of a,. For b, connecting two points of the periphery of C, (O,), is outside 
of C, (0,), so it is longer than the shorter are of C, (O,) connecting these same 
points. 

It may happen that S, does not have other points than those of S!,. 
Then using our lemma and Hadwiger’s theorem on under-convex point sets, 
we conclude that 


LS (Log Le en 


and have shown the inequality (4a) in the case when S_, consists of one com- 


ponent only. 
If, on the other hand, S_, has other points too than those of Sua let Pg 
be one of them. Connect the point P, with (ia by a curve lying in S and 


. 1 . . . . 
outside of (S_,),. The connecting curve ends in a point of the circular arc, 


* For let Ag be a point of (Bo), not belonging to B and let Og € S'.5 be the centre of 
that circle of radius @ whose periphery contains Ag. Co (Og) has to contain at least two boundary 
points of B, otherwise one could find in any neighbourhood of Og a point O’, € S_» such that 
Co (0’g) would contain Ag in its interior. Let Pg € B, Qg € B be two points of Co (O,), such that 


— rei 
the open ares Py Ag, resp. QeAg do not contain points of B. Then these arcs certainly belong 


to (S'o)o and the combined length of them cannot be greater than 2 9. For, supposing the 
2 a —— 
contrary, either the arc PgAg or the are QpAgis less than 2 0 and one could find in any neigh- 


bourhood of Og a point O’’s lying on the periphery of Cp (Pg) or of Co(Qz), such that Ag € C (O’’g) 
C(S*o)o. On the other hand Og is perfectly determined as the nearest point of S!, to the chord 


A E —_~ 
P,Q, and it follows hence that no point of the arc a’g— Py A Qp can be an interior point of S.,. 
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say a whose end points are P, and Q,. Then place a disk of radius 0, One 
and move it again in every possible manner, so that it should never have com- 
mon points with B. We again get an open point set, say §* , which has no 
common point with Sore Its closure is another component S” oof S 
this procedure until all components Sige Sit erp ie mide 
parallel domains (Sta) «+, (SZ), are found. 

We will use an induction for the proof of (4a) which was shown to be 
valid for n=1. We draw the chord P,Q, connecting the end points of the are 
a’,. As P,Q; <2 0 no point of this chord lies in the interior of Day or Ou 
divides the interior of S in two parts Y’ and ©” both of which contain at least 
one, and so at most n—1 components of S_,. The parts of the boundary B 
belonging to 2” resp. X” will be denoted by B’ resp. B’, their lengths by L” 
Besp. LL". 


Be itepeat 


» and their outer 


Note that by virtue of our construction that part of S_, which lies in: 
>” is entirely determined by B’ and the remaining part of S_, depends solely 
on the shape of B’’. Hence we have a considerable liberty in deforming the 
-eurve B’ (B’) into a new position Bo(Bo) so that the domain 25 (25) 
bordered by B’ and By (by B” and Bg) is such that (25)_, 4” = S_, 2” 

Sp 5" —-S_, 2"). 7 
All that is wanted of Bj is that it should not have common points. 

with the interior of the disk C, (0,). If this condition is fulfilled then there 

does not exist such a point P’ € 2” for which C,(P’) B’ = 0 and C, (P’) Bi + 0.. 
If we denote by aj that are of the periphery of C, (0,) which eee 

a, to the whole circumference, then we may choose Bj to be a ares a= 

Again there is no point P” of ” for which C, (P") has no common point with. 

BY, but has a common point with aj. 

: So we conclude 


res eee Sian On) Jay 
PES | pat Teg alee 


Let us now denote the total length of the boundaries of X” S_, and 
=” S_, by Li, and L",. As 4’ S_, and 2" S_, contain less than n compo-- 
ae rae Ee i 
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nents, we may use our inductive assumption and write 
L'+ LL’ < B—2o2a-+ B’—20n%42 02%. 


This is formula (4a) with the proviso that S is under-convex of degree a > 0. 

If the degree of under-convexity of S is 0, then according to our lemma 
S, is under-convex of degree at least S, and as S_, = (S_,) 9 (0< &< 9) 
(cfr. Hadwiger [3] p. 17) we can state that L_,<L_,—2(g@—e)@. 
Using the formula (1) we have again (4a). 


5 


For proving the inequality (4b) we suppose at first that the simply 
connected closed domain S is over-convex of degree 8 and we construct its 
outer parallel domain S, by taking all closed circular disks of radius 9 which 


‘do not contain points of S. The complementary set of the union U, of the 
centres of all these disks is S,. 

First take a disk sufficiently far from S, and move it continuously in 
every possible manner so that it should have no common points with S. 
Then a simple connected part U} of U, is constructed which extends to infinity. 
‘The boundary B,, of the elere of (u! )p partly consists of points of B and 
it may happen that B,, contains other points too ; it can be shown that these 
lie on circular ares a, a3,..., a; of radius g the central angle of which is 
at most x. Let 6, be that connected part of B, which does not belong to B,, 
and has common end points with a’. The remaining part of B will be dJenetaa 


by £,. Obviously, 8, is not shorter than a, hence the length Le for B,, is 


2@ 
not greater than L, 
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1 
lfU, =U, we argue that the boundary B, of S,is the same as the bound- 
ary of U, and L,, is the length of the boundary of the closure of (U*) 


Hence =< 3 


tee lee ly 20a 


and formula (4b) is proved if S, is a simply connected domain. 

If B,, the boundary of S, consists of several disconnected parts, then one 
of these, say B, is the same as the boundary of U} and the others lie in the 
domains bounded by #,, and a,. ; 

Deforming B in such a way that each £, is replaced by a,, and terming 
S® that point set, the boundary of which is the deformed boundary B, one 
sees that S“) is the complementary domain of U; and so S“’ is the inner parallel 
point set of radius o of the closure of (U1)*. Let now aj, be the circular are 
which completes a; to an entire circumference. Denoting by S® the domains 


; bounded by f, and a’ it can be shown that the boundary of the inner 
_ parallel domain of radius g of S® coincides with that part of B,, which is 


surrounded by #,, and aj, Using the letters f,, a}, a, for the notation of the 


5 length of these curves we have 


LY <6, + 2%a,+2o2 


and 


Boe pea 2pm | (x = 2,3, 2...) 


5 By addition it follows 


BLO — bob + (A4—1) -2om+20na—2(A—lhex=L+2o02. 


If the degree of over-convexity of S is 0, then we prove (4b) first for S, which 
is over-convex of degree at least ¢. As (S,), . = S,(0< € < @) we have 


Le L,+2(0—«)2. 


_ Hence using (1), the inequality (4b) follows again. 


: 


6 


These results can be generalized to domains of k-tuple connectivity. 


We have in this case 
Theorem II. If S is a k-tuply connected domain, then 


L_,.<L+2(k—2)%e@  (@S7*) (5a) 
L,<L+2x¢@ (5b) 


Hence it follows that e.g. for a ring-shaped domain L_, < LL, 


3 Periodica Polytechnica El. III./4. 


354 E. MAKATI 


For a k-tuply connected domain can be completed by the addition of 
k —1 simply connected domains, say S., S3,..., 5, to a simply connected 
domain S,. The length of the boundaries B; of S; will be denoted by L;. 


Now See consists of all those points which are simultaneously part of 


Che Ne: TP = 


Bis C (Bi) 46 |B) oe oe te (By): 


From this 


L_, <(L,)-p+ (Ley + --. + (Ld S (4 2 2) FU 2) 
4 (L,+2np)=b +2(k—2) ao. 


The less informative ine quality (5b) is derived essentially in the same way. 
Both (5a) and (5b) are in a sense best possible inequalities. Let namely 
S be a circular disk, out of which k — 1 circular disks of radius ¢ are cut out. 


If g<e then L_, = L+2(k— 2) 20 and if 9p >e then L, => L 2a. 


Q 


= 


A corollary of the inequality (4a) is the extension of the tsoperimetric 
inequality of Bonnesen to non-convex domains, namely that if A is the area 
of a simply connected domain S, L the length of its periphery, r the radius 
of the greatest inscribed circle, then 


L2—42 A >(L—227)2 
or 


A<Lr—ar. (6) 


This is special case of an inequality found by L. Frses Térn [2]. We 
use an argument due to HapwicEeR[7] according to which L_, << L—2270 
integrated in the interval 0 <. 9 < r yields 
[Lod S| (L—2 20) dg 


6 


or as the left hand side of this inequality is 4, we have (6). 
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Summary 


: The following theorem and its generalizations are proved under conditions specified 
in the foregoing paper. 

Let S be a simply connected plane domain, L the length of its boundary, A its 
area. Co and C_» are plane curves, not necessarily connected, lying outside and inside 
respectively of S, consisting of the set of points the nearest distance of which from the 
boundary points of S is g. If Ly and L-» are the lengths of the curves Cp and C_ 
respectively, further 4, an. A-p are the areas included by C, and C_p, then the inequal- 


ities (3a), (3b), (4a), (4b) hold. 
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IKOHOMHKA H TIPOMBIILJIEHHOCTb 


JKOHOMHGECKAA I®MEKTHBHOCTBE 
HAY4UHOLPO NCCTEXOBAHISA B TPOMBINLIEHHOCTH* 


A. KJIAP 


Uccieqopanne pasBuTua NpoUsBOAUTeM_HOCTH Tpyqa Mpescrapaaer coboii 
BayKHbIM BOMpOc 9KOHOMNUECKON JINTepaTypbI Hallero Bpemenu. Kpome uccme- 
HOBAHHA eFO NOHATHA, AOKabl 3AaHMMAIOTCA eFO CBA3AMM, NlaHHpOBaHHeM Mt 
BCeMU (PaKTOPaMHM, KOTOPbie OKa3bIBalOT BIIMAHMe Ha erO pasBUTMe, U3MeHeHue. 

Cpean PakTOpoB, BIMAIOUIMX Ha NpOM3BOAUTeEIbHOCTH Tpysa, Seperca BO 
BHUMaHHe TperkKe BCerO BONpOc mexHuYecKoed ypo6HsA. 

XOTA W3MepeHHe USMeHEHHA MpOvSBOANTeNBHOCTH Tpyja BCTpeyaeT BO 
MHOFHX CUIy4aAX 3aTPYHEHUA M0 paSHbIM NpHunHaM (B CYUIHOCTH OHO BO3MO)KHO 
TOJIBKO B OJHOPOJHBIX OTPaCJIAX MPOMBILWJICHHOCTH), MHTepecHO paccMOoTpeTb U3 
YHCJ1a eHCTBYIOLIMX (PaKTOPOB, B8ATbIX BO BHMMAHHe, 3HaYeHMe HayyHOro UCCcIe- 
JIOBaHMA B IIPOMBILIJICHHOCTH, HaXOJALWerOcA B TeCHOM CBA3M C NOBbILIeHHeM 
TeXHHYeCKOFO YPOBHA, T. K. ITO CMOCcOOcTBYeT pOcTy MpONsBOAUTeIbHOCTH TpyAa. 

HayuHoe uccaesqoBaHue B TpOMbIUeHHOCTU TpeOyeT Bce OoObWe KBasIu- 
@UUMpOBaHHbIX padounx CusI HM BMeCTe C TeM BCe OONbUe MATePMaJIbHbIX CpeNCTB. 
SHauHT, JlarkKe Cc 3TOM TOUKM 3peHuA He Oe3sMHTepecHo, KakoBa opeKTHBHOCTh 
STOH HayYHO-HCCIeOBAaTeIbCKOH padoTbI B OTHOWIeEHMM pOCTa MpOMsBOMMTeIb- 
HBIX CHJI, PaSBUTMA CpeACTB MpoOUsBOMCTBa UM MpOMsBOAMTeNbHOCTH Tpysla. 

Paccmotpenne opekTHBHOCTH Hay4HOrO UCCIeOBaHMA B MpPOMBILUITeH- 
HOCTM CaMO MO CeOe — aHasIOrMyHO U3MepeHHlO USMeEHEHHA TIPOUSBOAMTeIbHOCTH 
Tpyla — ABJIAeTCA CNOKHO, MHOrOOOpasHo 3ayauelt MU BO MHOFMX Cilyyasx 
OUeHb TPYAHO BbIPAsHTb 3TO WMPpOBbIMM aHHbIMM. Ee NofppooubIM aHanMTHye- 
CKMM MCCIes[OBAaHveM KaK OTeYeCTBeHHaH, TaK M MHOCTPaHHaw CielMasibHaA 
HuTepaTypa 3aHuMaeTCA CPpaBHUTebHO MaJIO M y/elHeT el MeHbINe BHUMaHMs. 

QTOT CpaBHUTeIbHO MasIbIii MHTepec He MOjKET OBIT ONPaBaH TPyAHOCTHIO 
3ajlauu HM CKPOMHOCTbIO JOCTHIaeMbIX Pe3yJIbTATOB, NOTOMY YTO MaJIO3HAYHTCJIb- 
HbIe YACTHYHbIe pe3yIbTATbl, MOJyYeHHble MPH pasHbIX MCMbITAHMAX, MOTYT B 
SHaUNTeIbHOM Mepe cMocoOCcTBOBaTb JIyYleMy paspellleHHto 9TOTO KOMIINeKCa 
BOMpOCcoB, JO CerO BpeMeHM HeOCTATOYHO BbIACHEHHOMO. 


* TIpounTaHo Ha Hay¥HOM Cbese 10 BOMpPOCaM MPOUSBOAMTCIBHOCTH Tpyia, opraHiso- 
BaHHOM oT 29 ceHTAOpA m0 2 oKTAOpA 1959 r. Orgen0M OOmecTBeEHHO-HCTOpHYeCKUX HayK H 
Mucrutytom nomutaKonomun AKagzemun Hayk Beurpuu. 
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TecHasa CBA3b, KOTOpad, HECOMHEHHO, CyuyeCTByeT MEK 9peKTHBHOCTHIO 
Hay4HOro UCCHELOBAHHA H POCTOM MPOKSBOAMTEIbHOCTH, MOIKET ObITh Leeco0b- 
pasHo HalieHa NMocTemleHHo. 

Bo-iepBbIx,- C1ejlyeT OTeIbHO BbIACHUTD OOMee BarKHbIe oOmue yCIOBMA 
obPeKTHBHOCTH Hay4HOrO UCCIeOBaHUA ; 3aTeEM MO)KHO MpHCTYNUTb K OWeCHKe 
TOFO, KaK CIYKUT BOOOWIe MCMONHeHHe STUX YCOBMM POCTy MpOUsBOAUTeIb- 
HOCTH Tpyja, M, HAKOHEL, KaK MOTYT ObITh WeecooOpasHO H3MepeHbI HIM BbIpa- 
*KEHbI UMpOBbIMH JIaHHbIMH ABJIEHHA, BOSHMKAUIMe BCIeACTBMe HayyHoro 
UCCIHEOBAHHA B TPOMbILUIeHHOCTH. 

IIpu paccmorpenun Gosnee yQOOHbIX ycOBM SKOHOMUMYeCKOH sppeKTHB- 
HOCTHM Hay4HO-ncceoBaTeIbCKOM padoTh, Npexkme Bcero CilefyeT B3ATb BO 
BHMMaHHe, YTO OHA MMECT HECKOJIbKO 9KOHOMMYCCKHX OCOOeHHOCTEH, OTJIMYHBIX 
OT MpOuSBOAMTeNbHOH padorsl. 

Tak, Hampumep, 90% padorsi, oOpaujeHHOH Ha HayyHOe HCCIeOBaHHe, 
OKaKeTCH Oe3pe3yIbTAaTHBIM, TIpHYeM IKOHOMHYeCKOe 3HayeHHe 10%, MaBLUIMX 
pe3yJIbTaT, MO)KeT ObITh BeCbMa BeJINKO. 

IIpu BbIMOMHeHHM HCCHELOBaTeIbCKUX paooT YacTO ObIBaeT, UTO 0 KOHEYHOM 
pesyAbMame Helb3 ZaKAOUUMS C YBePeHHOCTbW, TaK Kak TIpOJOJDKUTeJIBHOCTB 
HeEKOTOPbIX UCCIeOBAaTeIbCKHX paOoT He pas ObiBaeT BeCbMa BesIHKa. V3 oOue- 
U3BeCTHOrO MpuMepa 9JIeKTPOHHOM TpyOKM BbIACHHeTCA, YTO ee u3s00peTeHHe 
CHYYMIOCh NpHOmMsMTeNbHO 50 seT TOMY Hasayq. C OTKPbITHA JO KpymHoMpo-~ 
MbILJICHHOrO MpOv3BOCTBa WCTeKIIO MpHuMepHO 25 ser. 

Oyenka sKOHOMUYECKOeO pesyAbMama ycnewHou UccAedosameAoCKOlL pabomet 
YaCTO MO)KET NPHYMHATL TPYHOCTH, HOO pesyILTAT, MPOMCXOMAWIMH Kak pesyJIb- 
TaT UCCIeOBAHUA BO MHOTHX CJLyYaAX MOKET CUNTATHCA HE TOJIbKO Pe3yJIbTATOM 
UCCIeOBAHHA, HO, HalpHMep, pe3yIbTaTOM M3SMeHeHHS MOJIOKCHHA PbIHKa, B 
KanUTasIv3Me dK OH MOKET ObITh P€3YIbTATOM NOBeeEHHA KOHKYpeHTa. 

Hakonell, onpedeaenue oKoHYamebHO OMpuyamMedbHOe2o pesyAbMamMa ABIA- 
eTCA YACTO TPyJ{HbIM, TAK KaK He MO)KeT ObITh TOUHO ONpefeseHO, KaKOBbI Te 
MaTepHaJIbHble WM YMCTBeHHbIe 3aTpaTbl, C MOMOLIbIO KOTOPBIX HCCeqOBaHHe, 
Kakyleeca Oe3pe3yJIbTATHbIM, MOKET MPH ONpesesIeHHOM YCJIOBHM CTAaTb ycrell- 
HbIM. Kunnur B 1939 rogy cKasasl, YTO MpOMbILLIeHHOe MpHMeHeHHe OpraHwye- 
CKUX COeIMHEHHH KPeMHUA ABIIAeTCA OeSHalexKHbIM, H BOT yoKe B 1948 rogy 
NOABHJIMCh CHJIaHOHbI. 

Hasimuve CyllecTBeHHbIX OCObeHHOCTeH HayyHO-HCceqOBaTeLCKON paoo- 
Tbl, OTJIMYHBIX OT MPOM3BOJCTBeEHHOH padorbl, He O8HaYaeT HeBO3MO)KHOCTb 
MCCHENOBAHHA €€ SKOHOMUMUECKON sddekTHBHOCTH — XOTA Obl B HEKOTOPBIX 00- 
JlacTAX, HO UX CyleyeT YUNTbIBATH. 

Wyia yactTei uccneqoparenpecoit paodoThl, NOAXCTAWMX IKOHOMUYECKO 
OWeHKEe (HOCH COOTBETCTBYIOMMerO BbIACIeHHA HeNONXOAAMMX JA ITOH UenK 
yacTeH), Ooee BaKIbIMH YCIOBMAMM, CrocoOcmeyOLUMU IKOHOMULECKOL appex- 
MUBHOCMU MCCIeLOBAHHA — SABIAIOTCA CHeAyOUMe : 
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1. TouHoe onpeyenenne yeneit uccnexoBanus, peuleHue Bompoca «yTo 
UCCHEHOBATb», UTO ABIACTCA OCHOBHOH 3ajfayell, CBASAHHOH TakoKe C NpaBMIDHoli 
paspadoTKoit oOmeii 9kKOHOMMYeCKOH NonUTHKH. 

Bonpoc «ro uccreOBaTL» TeCHO MpuMbiKaeT K BONpOcy, CKOAeKO cCpedcme 
| MpeMOcTaBIAeTCA MIA HY KL UCCHeNOBAHUA, NOTOMY YTO B MHTepecax obdekTuB- 
HOrO MCHOMbSOBAHUA CielyeT HaAMETHTb CTODKO HCCIeAOBATeN_CKUX Tem, JIA 

CKOJBKUX Ha CaMOM jee MMeIOTCA B PacOpsKeHHM COOTBETCTBYIONINe CpeycTBa. 

IlenecooOpasue pasMepoB Hay4Horo nccne_OBaHUA JIA TIpOUsBOACTBa Hse 
JIMH, MOKET ObITh ONpeseneHo, HallpuMep, CIpocom B HOBBIX MpomyKTax, MaTe- 
PHAJIBHBIM MOOKEHHEM 3AMHTepeCOBAaHHOH OTpPacs MpOMBIeHHOCTH, HaKo- 
Hel MepcneKTHBOM 3aMpOeKTHPOBaHHOH MpokyKUMH Ha pbIHKe. 

2. Cneqyroumi BoMpoc — oMnpefenenue memoduku wccnesoBaHusa, peuie- 
Hue TOFO «Kak UuccAedo6amb». 

B neppyto ovepeb, 9TO ABIAeTCA BONpPOCOM TexHHyecKolt mu Hay4Hoit 
OpraHusayun. 

[]naHMpOBKa OpraHHsalMOHHBIX BOMpPOCOB ABJIAETCA padoTOH 3aBe/Lyromero 
HCCIeLOBAHHAMM, a paspaOOTKa YaCTMUYHBIX MWaHOB UCCeOBaTeNbCKOH paboTHI 
ABIAeTCA Saflayei OTEIbHBIX UCCIeOBaTetel. 

Pagan yclexa 3aBefyulnii UCCIeqOBaHHeM JOIDKeH, TIperkye Bcero, pa3- 
peUulllmb OCHOBHOe Npomu6operue UccAedosameNocKolt pabombl. OHO 3aksIOUaeTCA 
B TOM, YTO OTKpPbITHe, H800peTeHHe HOBbIX MpoleccoB HW UX paspadoTKa ABIAeTCA 
B NepBy!0 O¥epeb BOMPOCOM JIMYHOPO TalaHTa, CMOCOOHOCTH, B TO BpeMsI Kak pas- 
paboTkKa nofzpooOuocteii pesyILTAaTOB, HX MpakTHYeCKOe TEXHMYeCKOe MpMMeHeHHe 
Tpe6byeT yNOpHOH KOMeKTHBHOM padoTbl, UCXOMAueh u3 TpeOoBaHnit MylaHa. 

BoeHHad TaKTHKa UM CTpaTerMa MpenlosaeTca NO KHMTaM, Tak M3yyawT ITO 
TakoKe reHepasbl. Ho npodoit rehepasOB ABJIAeTCA He TOJIBKO MX KHM)KHOe 3Ha- 
Hue, HO TO, KAKUM 00pa30M TIPUMeHAHOT OHM CBOe 3HAHHe B COOTBETCTBUM C HX 
JIMYHOM OfapeHHOCTbW li ClOCOOHOCThHO. 

Sasedyruemy uccAcdogaHUAMU cAeOyem maKksce NpedocmaésumM sIKOHOMU- 
1ECKYHO BOZMOMCHOCMb JIA TOTO, YTOOLI ero COTPYMHMKM-UCCHefOBaTeIM MOI 
pasBepHyTb CBO IMUYHbI MHTepec, CueyA UX CMOCOOHOCTAM, B JaHHOM Cylyyae 
JIMYHOMY TaslaHTy, arKe Ha TOT Cily4al, eCIM 9TO COMPOBOKAAeTCA PUCKOM 
ONpefleIeHHbIX MaTepHaJIbHbIX CpeACTB, WIM PaCXO/aMH, KOTOPbIe MHOTa H He 
BOSMELIAIOTCA, HO HY)KHO 3allpeTUTh BCAKHE HeMMCLUMIMJIMHAPOBaHHble NONBITKH, 
CKpbIBaloUNeca 3a Taxoli MaCKOl, CIM STO ABMACTCA TOMbKO HepeaJIbHbIM 
TIpeNpoBorKeHHeM BPeMeHM, ABHO MPOTHBOMOJOPKHBIM OPFaHHSOBAHHON ACCC 
OBaTenbCKOH padoTe. 

3. B Bugy Toro, uTO TexHuYeCKMe HayKM BOOOUe MpOHCXOAAT OT eCTe- 
CTBeHHBIX HayK M MaTeMaTHKU, T.e. CTpeMATCA K MpakTH¥eCKOMy MPHMCHeHHIO 
NOCHeMHUX, 6eCbMA GANCHbIM Npedcmasanemca obecneyeHHe les1ecooOpasHoro 
CONpANCeHUA U coomeemcmeyroled Nponopyuu MEHCOY MAK HA3ZbI6AeMbIM OCHO6- 
HIM UW TpUKAQOHbIAL HAayAHblM UuccAedosaHueM. 
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CyujecTByeT TeCHad B3aMOCBASb Me)KAY uiccefoBaTesbcKoH paboToH B 
OONaCTH OCHOBHBIX HayK M TeppHTopHelt JaHHOM CTpaHbl, MJIOTHOCTbIO ee Hace- 
WeHHA, ee MpPMpPOMHBIMM JaHHEIMM (Kak, HallpuMep, OOuMe CbIPbA WIM eTO He- 
ylocTaTok). OnpefeseHHble OTpacsm MccreqOBaHHi B oOnacTH OCHOBHBIX HayK, 
Kak HallpuMep B 061aCTH aTOMHO! PUSHKH MT. A. TpeOyiOT 3HAdHTeIBHBIX MaTe- 
PHaIbHbIX 3aTpaT M OOMbUWOTO YMCA BbIAIOUMXcH uccleqoBaTesen. SHauum, 
6 OMHOWICHUL IKOHOMUYeCKO2O NocAedelicméuA Bbonpoc coomeemcmé6eHHOU copa3- 
MePHOCTU MeHCOY UCCACOO6AHUCM OCHOBHELM U NPUKAAOHELM uCcCACOOBAHUEM 6 00- 
AACMU NPOMbLULACHHO2O NPUMCHEHUA ABAAEMCA BAMCHEIM 6ONPOCOM, MIPeKe BCeTO 

B CTpaliax, Te BCeACTBHe SKOHOMMYECKOM MOUIHOCTH CTpaHbl BO3MO)KHOCTH 
uccnelopaHuit B OOMAaCTM OCHOBHBIX HayK OrpaHuyeHbl. ITloqepokKa, 3aTpayeH- 
Had WIM 3aTpauMBaemMas Ha UCCIeOBaHUA B OONaCTH OCHOBHBIX HayK, JIOrHue- 
CKH JOJDKHA ObITbh UCNONL30BaHAa Tak, YTOOBI OTMYCTUTH CpeCTBa Mperkse Bcero 
HQ NPUKAQOHbIE LICCACOOBAHUA, CBAZAHHbIE C OCHOGHEIMU UccAedosaHUANU NO Npo- 
MbLULICHHOMY TIpMMeHeHMO, a He Ha CaMONPOMSBOIBHO M30paHHble TeMBI, He 
Mee CBASH C MOCHIeHUM. (OT 9TOrO MpHHYWMa MO)KHO OTCTYNMTh B HalernK Le 
paSBHTHA MCCeOBaTeIbCKOM KYIIbTYPbI KaKOH-1M00 CTpaHbl, WIM Ke B Hajek te 
pesyIbTaTa, OPKUfaeMOrO OT OTCbHBIX BbIAOWIAXCA YUeHBIX.) STO oNpejemeHve 
He OTHOCHTCH K TaKMM OOaCTAM, KOTOPbl€ ABJIAIOTCA UMCTO TeOpeTHYeCKMME, 
He TpeOylouMMn JOporocTOAWUx MpuOopos, obopymoBaHuii, Kak, HallpuMmep, 
yaCTh MaTeMaTHYeCKUX MCCHeLOBAHHH UII OTMeULHbIe OONACTU TeOopeTuYeCKOIE 
(PuSHKM UT. 2. ; 

4. Bolbop mecma opeanu3zayuu uccnesOBaTenBCKOtt paOoTbI TeCHO CBA3AH. 
€ €€ 9KOHOMMYHOCTLW, 

a) OcHoéoll Hay4HO-NCCeOBATeNbCKOM padoThI UM OMHOBPeMeHHO ee UCXOA- 
HbIMM MYHKTAMM ABJIAIOTCA YHUBepCHTeTbI MH Hay4Hble HHCTUTYTHI. TlonomHeHue 
UCCHEMOBATeEIAMM JadOpaTOpUi, CAMOCTOATCJIbHbIX MCCIEOBATeMIbCKMX MHCTH- 
TYTOB M OObUIMX 3aBOJCKUX abopaTopHit pelllaeTcA u3 Toya B rox yHMBepcH- 
TeTaMU, BCeCTBMe YerO YHMBEPCHTeThI SAHHMAIOT KIIOUeBY!IO MO3HIMIO B ee 
PpasBHTMA MCCIeLOBAaTeNbCKOH paOoTHI BCeit CTpaHbl. 

Hcno/e30eaHue HayyHok padoTbl YHMBepCHTeTOB ABIAeCTCA BBITOJHbIM, 
Tak KaK BCe NOCTpoliku, OOopyoBaHue MH NepCOHaN MOTYT OBIT MCMONL30BaHbI 
Kak OAA obyueHuA, mak u OA UccAedosanuti. Tlanee, yHuBepcuTeTH Mpepocra- 
BIIAIOT OJMHOUHY!O BO3MO)KHOCTh — CPaBHHTeJIbHO JellleBO HM XOPOWO — coueTaTh 
MCCHeOBAHUA B OOMACTH HayK C MCCHeLOBAHMAMH TipukaqHOrO xXapakTepa 
NYTeM COMeHCTBUA PasINYHBIX KaesAp, SHauNT, OHM OOeCNeUNMBalOT BO3MO%KHOCTB 
MfeaIbHOrO HayyHOrO COTpyHMUeCTBA. 

6) Ecam yuupepcurerbt npeycrapnstor cooii padoune mMecta ujleasBHoro 
HaydHOro COTPyAHMYeCTBa, OCYeCTBAAeMOrO B MHTepecax UcceMOBaHUA, TO 
3aBOMCKUe AAbopamopuu KpynHonpomEUUAcHHeIX npednpuamuit Moeym coz0amb 
UdeAAbHbIE ycAoeuA compydnuYecmea OAR OocmuUDCeHUA Xopoweeo IKOHOMUYE- 
CKOeO pesylbmamad, TAK KaK TeEOPUA M MpaKTHKa, Web HAYYHOTO UuCcceOBaHHA 
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M SaMHTepecOBaHHOCTh PYKOBOACTBa MpefpusATuem, Bce oGecneunBaetca B 
_OJIHOM MecTe, B OOueli oleHKe. 

6) Heodxogumoctnh padoTsr camocmoamesonozo NPOMBbLLUACHHO2O HaVvuHo- 
uCcAeOOeAMeAbCKO20 UHCMUMyMa BOSHUKaeT ecnu peub UeT O BbINOHEHHH 3Ha- 
YMTCIbHOH HCCIeMOBaTeIBCKOH paboTH NpeANpuaTuii, He uMeroMMXx cBOeii oT- 
AeMbHOM 3aBOMCKOH NadopaTopun, uM, ecu XapakTep UCcieqOBaHHA TpebyerT 
KooMepayuu OOMbUIMX Hay4HBIX KOJUIEKTHBOB VM HCMOL3OBAHHA TAaKOrO qloporo- 
“cTosmero M CielwatbHoro OOopyqoBaHuA, ycTaHoBNeHue KOTOpOrO B yHMBep- 
CMTeTCKUX MHCTHTYTAX WIM B 3aBOJCKHX JlabopaTOpHAX He ABIIAeTCA emeCco0d- 
Pa3HBbIM. 

Hakouell, eciv peub uJeT 0 pelleHuH 6onpocos, npedcmasAsouyux UuNMe pec 
HECKOAKUX OMpacAeth NpomMbluULAeHHOCMU. 

B oOnacTH CBOMX HCCIeMOBaHHif CaMOCTOATebHbI MCCHeOBaTeILCKUit 
MHCTHTYT JOJDKeH CTaTb AYXOBHBIM HeHTPOM CBOMX 3aKa34HKOB, KOTOpPbIii C OL- 
HOM CTOPOHbI pelliaeT BBepeHHble eMy Salaun UM M0 Mepe OOCTOATeNB_CTB MpoA- 
BJIAeT MHUUMaTHBY. 

5. MookHO MCCIIEOBaTb SKOHOMUMYECKYWO IPPeKTHBHOCTH 3aTpaThI CpejCTs,. 
B TepBy!t0 oy4epeyb B XOfe HCCIefOBaTebCKUX pabOT, BeeHHbIX Oosee MIM 
MeHee IIPOJOJDKUTebHOe BpeMaA (1—5 rofoB) AA pasBuTUA MpOMbIlTeHHOrO 
_TpowsBoycTBa WIM MpoOusBocTBa HOBOTO MposyKTa. 

QKOHOMMYHOCTh STUX PaOOT 3aBUCHT Mperkje Bcero OT MpaéeuAbHoli nNped- 
6apumeAbHO OYeHKU pe3syAbMamo6, JOCTUTHYTHIX IPM OCYWeCTBIeCHHM OT/eJIb- 
HBIX (a3 UCCeMOBaTeMbCKOTO MaHa, OT MOCTOAHHOTO CpaBHeHNA yKe 3aTpa- 
YeHHBIX MIM 3aTPaUMBaeMBIX, CO CpefCTBaMuM, HeOOXOJUMBIMM B OyAYUeM, T. e.. 
OT OCHOBaTeNbHOM OWeHKM BCeX BarKHelluux a3 UCCMeOBaTeNbCKOH paooTHl. 

OueHKa Hay4HO-vCCNeOBaTeIbCKUX MaHOB 3akuOuaeTCA B KPHTHKe 
Ba)KHBIX MYHKTOB MJlaHa. ITH NYHKTbI CejLyroule : 

a) oOecneueHue COOTBeETCTBYIOWIerO MCCIeOBaTebCKOrO Mepconasa, 

6) TexHwueckanA OCYLIeCTBUMOCTD, 

6) WpakTuyecKad MpurofsHOCTh HM CTOMMOCTb MIposyKTa, 

2) €MKOCTb PbIHKa, 

0) pe3yIbTaTbI OMBbITHOTO 3aBOfla. 

B xojle aHamv3a mexnuyeckoli OCyLecMé6UMOCMLU HYKHO TIPOBepUTb MperkK Ae 
BCero IaH NaOopaTOpHBIX IKCMepMMeHTOB. CileyIOUM WarOM ABIAeTCA MpO- 
M@XKYTOUHAA MpoBepKa pe3yJIbTATOB M CpaBHeHMe yoKe 3aTPaveHHbIX M 3aTpa- 
YUMBaeMBIX CpeACTB C [aJIbHeiWMM Pe3yIbTATHBHbIM MNJaHOM. B xoje npopepku 
YUACTHUHBIX pPe3yIbTATOB B KarKJ[OM Cyly4ae, KOFa STO BOSMOIKHO, HY2KHO CO™~ 
CTaBUTb MporHos HeoOxoAMMBIX [0 OKOHYAHMA paboT cpesCTB, IKOHOMMYECKOH 
CTOMMOCTH KOHEYHOFO pe3yJLTATa M BepOATHOM MPOMOIPKUTEbHOCTH BPEMCHH,,. 
HeoOxoAMMOrO AIA OKOHYAHMA MCCIeMOBaHHA. 

TipempapntesbHad OlleHKa NpakTuyeckol MpuroqHocTH MponykKta ABIIACTCA 
BaKHOit MOTOMY, YTO UCCHeMOBATeM YACTO MNOXO SHAIOT CBASb TEOPHH C mpak- 
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“THKoli. Tipu mpopepke Maa Hy)KHO CTPeMMTbCA K JOCTHDKEHMIO COPaCnA 
“TeOPHH C MpakTHKOMi, ue C OCYLIeCTBIeHHeM, TEXHMYECKOTO COBEpUIeHCTBa C 
OKOHOMMYeCKOM MOeESHOCTbIO. 

IIpu miaHupoBaHuu HCCeoBaHuA KaKOro-HHOyfb HOBOrO MpoOAyKTa 
BeCbMa 6amCHYyIO 3adaly Npedcmasanem cooméemcméeHHoe NpedsapumenbHoe 
uccledoeaHue cnpocd, TOUHOe OMpefeeHHe BOSMOPKHOCTeM CObITa HOBOFO Npo-— 
JIyKTa. 

6. Bo3moacHocmu npakmuueckoeo nNpuMeHeHUA pesyomamoée UCCIeLO- 
BaHHA OTIMYAIOTCA {pyr OT Apyra MO OTpacsAM NpOMbILUJIeHHOCTM HM MO Mpes- 
NPHATHAM M 3aBHCAT, MpexKe BCero, OT MMeIOINMXCA B pacNOpAKeHHH MaTe- 
PHANbHBIX Cpe/CTB M MHMUMATHBHI (PYKOBOMCTBa NpeANpPUATHA) MU OTPacsIM Mpo- 
MbILIJICHHOCTH. 

a) 3ampama cpedcmé OA uccAedosaHUA U OMOeAbHbIE OMpacAU NpoOMbI-~ 
iAeHHocmu. SHaYeHHe UCCIEMOBAHHA, ETO HEOOXOMMMOCTL ABJIAeTCA PaSIMYHOH 
110 OTMeJIbHBIM OTPaCJIMM MpOMBILUJIEHHOCTH, WJIM MO OTeJIbHBIM MpeMpHATHAM. 
3Hayenne ero OONLINe B TeX OTPaCIAX MPOMBILWIeHHOCTH, rye HCCIe,OBaHHe 
BOOOUIe MOXKET UACTO NPHHECTH Pe3YIbTAT, KOTOPbIi KacCaeTCA SKOHOMMYECKOTO 
NONOKeHHA BCeH OTpacsu. Boobie MOXKHO CKa3aTb, YTO 3HAYeHHE HCCIeEOBAaHHA 
B TeX OTPaCIAX MPOMBILUJICHHOCTH, KOTOPbI€ BbIPOCIM HS Mad0paTOPHBIX OT- 
KPBITHM (XHMMYeCKAA MpOMBILIJICHHOCTh, MEMUHHCKaA MpOMBILWICHHOCTB) O0/b- 
ie, YeM, HalNpMMep, B MALIMHOCTPOHNTebHOM MpOMbILUIeHHOCTH, Tye COBepLieH- 
CTBOBAHHe H3leIMH MOKeT ObITh OCYLECTBICHO YaCTHYHO SMMHPHueCKMM MyTeM. 

ZIpyroe 3HayeHHe MMeeT HCCIeOBaHHe B TaKHX OTPacIAX MpPOMBILUeH- 
HOCTH, B KOTOPbIX COM)KeHHe HayKH C MpOH3BOACTBOM He TpesCTaBAAeT BO3- 
MOMKHOCTH, Tye Mocwe SaBeplleHHA HCCeLOBAaHHH cyleqyeT OKOHYATeNbHOe 
-CIpOeKMU POSAHUE U3AeIIMA ; HO [JIA MPOBePKU CIpOeKTHPOBaHHOrO HOBOrO THMa 
HYKHO M3SPOTOBHTb H3eIHe 6 €20 OKOHYaMeAbHOU GopMe (HaNpMMep, THM HOBOTO 
camMoyleTa). B 9THX OTpacsAX NPOMbILUIeHHOCTH MocMe saBepleHHA UCCIeLOBa- 
‘TEIbCKUX padoT cyeyeT OKOHYATeIbHOe MAAHMpOBaHHe usfenuA. Yemex mia- 
HMpOBaHHA B KOHEYHOM HTOre pelllaeTCA HCIbITAHHEM FOTOBOFO H3esIMA. 

MpPekTHBHOCT, 3aTpaTbI cpeACTB Ha LWeIM UCCIEAOBAHMA MODKET YMeHb- 
WaTbeA elle M MO BHeLWHMM MpHYHHaM, a HMeHHO : 

1. Ecru B OTpacsIM NpOMbILUTeHHOCTH, 3aMHTepecoBaHHOli B BeeHHH HCCTe- 
JWOBAHHH, HE YCTAaHOBsIeHO TOUHO paspaboTKa KaKHX MpoOLeccoB HM MpOHsBoACTBO 
KaKHX TIpOMyYKTOB HeoOxouMO. 

2. Ecam uccieqoBaTenb Nox, BIMAHMeEM KaKkoro-1u60 cpoynoro NpHHy]H- 
“TEIbHOTO OOCTOATEbCTBA, BOSHHKWETO B CaMOlt OTPacsIM NPOMBILIIeHHOCTH WK 
BHE ee, pabomaem, mak cka3zame c OdHOtL MUHYmbl Ha Opyeyo, BMeCTO TOrO, 
YTOObI UMeTb B pacnOpsKeHHM OCTATOUHO BpemeHu, OGecneueHHoro XOPOLO 
NpOOyMAHHbIM NAQHOM. 

3. MoxkeT BCTpeTHTLCA JaxKe TO, YTO SaTpaTa CpecTB Ha UCcEMOBATeNb- 
‘CKYO paboTy OKarKeTCA HeLOcTaTOUHO opeKTHBHOH No Toit NpHyunHe, YTO ¥ 
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HOBOOPraHus0BaHHON SaBOACKOli UCCHeOBATeMLCKOH adopatopun un uccne- 
AOBATeIbCKOH pyMMbl HET MOCTATOYHOrO aBTopuTerta, elle Mano MpaKTHYeCKHX 
ycnexos, KoTOpble cnocoOcTBoBam Obl CosfaHMO HeoOXoMMBIX ycmOBUit JIA 
ycNelwHOro SaBepWeHHA MCCeEMOBATeNbCKUX paoor. 

6) Hccredosameaockan paboma u pyKosodcimeo npeonpusamuem. OpraHn- 
SaluA MpaKTHYeCKOrO NPHMeHeHHA MCCIeLOBaTebCKOH paboTHI ABIAeTCA BadK- 
HOH gajauelt xopomlero pyKoBoycTBa npewqmpnaTvem. O Halem oTeyecTBeHHOM 
PYKOBOJCTBE MBI elll€ He B MpaBe CKa3aTb, YTO OOMBUIMHCTBO HalMx MpepusATuii 
YAOBMeTBOPAeT 9TOMY TpedoBaHHnW. HailigeTca euje Takoe Mpemnmpustue, B KOTO- 
POM elle He OCO3HAIIM CpO4HOCTH perynApHOH McCHe_OBaTeECKONH paboTH B 
MPOMBILJICHHOCTH HIM BaXKHOCTb BHePeHMA pesyIbTATOB 9TOIt padoTHI, B Apy- 
THX NpeIpHATHAX JOBOMbCTBYIOTCA TeM, YTO BpeMA OT BPeMeHH BbIABHTalOT 
 ClydaHHO WIM BbIaWT Ha HCCIeEMOBaHHe M0 OMHO! Teme, KOTOpas YaCTO He COOT- 
BeTCTBEHHO MOTOTOBIAeTCA, H PaHO HIM M034HO KOHCTATHPYWT, YTO 3aTpayeH- 
ble Ha TakylO TeMy CpejcTBa. OBI HampacHbl. 

Ula Toro, YToObl uccueOBaTeIbCKaW padoTa KakOro-HnOYib NpesNpHATUA 
JOCTHIa XOPOIUHX Pe3yIbTATOB, HYXKHO MpeBapHTeIbHO M TOUHO COUeTATb BOS- 
HHKabolle HayyHble BOMpPOCbI TEXHHYeCKOFO XapakTepa C (PHHAHCOBbIMU BO3MO)K- 
HOCTAMM MpeANpHATHA, C OOKHAeCMbIM XOSAHCTBEHHBIM Pe3yJIbTaTCM OObeKTA 
(MeTOjla, MpOMyKTa, usenHA) HCCIeAOBaHHA. 

6) Ecnu mpesnonoxKeHua, HaXxOJAuHecA B UCCIeOBaTeIbCKOM MWlaHe, 
OLIN ONpaBAaHbl WadopaTOpHO! MpoBepKoii, TO MOXKHO TakKe ONpesennTh 
BepOATHOCTh TeXHMYeCKOH OCYLIeECTBHMOCTH HM MpaKTHYeCKOH MOJIb3bI HOBOTO 
 MSJleJIMA, a eCJIM JaHHbI€ UCMbITATEILHOFO 3aBOJa TOKE OarOMpHATHHI, TO Cye- 
eT NOAPOOHO MpoOBepHTb BOSMOZKHOCTHM M PaCXOMbl, CBASAHHbIe C BHeAPeHHeM 
HOBOFO Me€TOJa WIM KpynHosaBoscKoro MpovsBoscTBa usjemuA. nA pewenna 
STOTO cefyeT pasoOpaTb CeAyHOUlMe BOMpPOCHr : 

a) Benu4nHy HeOOXOMMMBIX 3aBOACKUX KANUMAAbHDIX 6LONCEHULL, 

6) aKchAyamayUoHHole pacxoObl TIPOMSBOACTBa, BKIOYAA ClOfla TOKE pac- 
XOJ[bI, CBASAHHbIe C pactipocTpaHeHHeM, C MposaxKen UT. I, 

6) oOujecTBeHHY}) : 9KOHOMHYeCKyI0: 9oPeKTHBHOCTh BCeX 3aTpaT M 


BpemMaA OOOpauHBaeMOcTH. 


Il. 
BaWAHHE pesyAbTaTOB HCCAeAOBAHHH Ha MPOH3BOAMTeAbHOCTh TpyAa 


Tipu vsyueHun BAMAHMA pesyAbTATOB UCCHeAOBAHMM Ha MpOM3BOMHTEb- 
“HOCTb TPyMa, ACMeKTH H3yYeHHA PaCXOMATCA B KANATAIMCTHYECKOM M COIMAsIHe 


CTHYUeCKOM XO3AHCTBE. 
B YCHOBHAX KanuTaJIMCTHUeCKOrO XO3AHCTBa uccneqoBaHHe B 3HaYHTeJIb~ 


HOW Mepe ABIIAeTCA JeJIOM 3aNHTEPeCOBAHHbIx npespHATHH — ecJIM He CUMTATLCA 
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C OTEIbHBIMM MCCeLOBaTeAbCKUMM padoTaMH BCeobujero MHTepeca, KaK, Ha~ 
npumep, oOopona, obujad THrMeHa — M MMCHHO NOSTOMY TaKoe T1aHOMePHOR} 
HiccueOBaHue, KOTOPOe OOLEMHAIO Obl MHTepecbl BCeTO HapOAHOTO XOSAMCTBA, | 
3a HCKIIOUCHHeM TOJbKO UTO YIOMAHYTEIX H3_ATHH, ABIAeTCA OObIKHOBeHHO He- 
OCyUeCTBUMBIM. BecrislaHOBoe UCCIeAOBaHHe ABIACTCA CNYTHHKOM Kalra nacre 
yecKOrO XO3AiiCTBa, KOTOpPOe C TOUKM 3peHHA BCerO HapOJHOFO XO3AMCTBa NPOA-: 
BIACT MHOTO OY4e@BHHBIX IKOHOMMYCCKHX HeBbIFOL. 

Kpome Toro, o6cyxkeHHe oppeKTHBHOCTH McCeqOBaTeILCKON padorTsr: 
TaKoKe HeOJIMHaKOBO, TaK KaK OT/eJIbHbIe KaNuTaMcTHyecKne MpeAIPHATHA 
OUeCHMBAaOT ee TONBKO B OONacTH OGOpoTa, NperxKe BCerO BeIMYHHOM pocTa UX 
NpHOBWIM. OTeIbHbIe KalWTaNMcTHYeCKHe MpeqpMATHA MOTYT CynTATL oppex- 
THBHDIM, MU TaKOi pesyIbTaT UCCIeOBaHMA, KOTOPbI CYKUT, HalpMuMep, TOJIbKO 
MpeOMOeHHIO KaKOro-HnOyb U3 KOHKYPeHTOB. 

B counanucruyeckoM Xo3siicTBe HCCMeqOBaHHeM B OOaCTH OCHOBHBIX 
HayK, M MepCleKTMBHBbIM HCCeOBaHHeM B OOaCTH NpMKaMHbIX HayK (x03aii- 
cTBeHHas appeKTUBHOCTh KOTOPbIX B 9TO BPeMA €Ba JIM MO?KET ObITh KOHTPOJIU- 
pOBaHO), PYKOBOJMT BbICLUee PYKOBOACTBO TOCyfapcTBOM Ha OCHOBe 3apaHee 
onpemeseHHOro TjlaHa H B COOTBeETCTBHM C HHTepecaMH BCerO HapOJHOTO XO3Ai- 
CTBa. 

Boslee KpaTKOCcpouHoe HCceOBaHHe B MPOMBILIIeEHHOCTH (HalpHMep, pa3- 
BUTHe Pa3HbIX H3eNMH, paspadoTKa HOBbIX MeTOJOB H T. J.), SKOHOMMYeCKAA 
aPPeKTUBHOCTh KOTOPOrO OObIKHOBeEHHO MO)KeT ObITh NpOBepeHa, PYKOBOACT- 
ByeTCA TakoKe TpeOOBaHMAMM MaHOBOTO XossAlicTBa Ha ypOBHe Kak OTpacseBom, 
TaK M HapOHO-XO3HHCTBEHHOM HM ero SPeKTHBHOCTL OLWeHMBaeTCA 3HaYeHHeM 
XO3AMCTBEHHOFO pesyJIbTAaTa, CLyKallerO MHTepecaM BCero HapOjla Ha YNOMAHY= 
TLIX JOCTH)KUMBIX HIM JOCTHTHYTBIX YPOBHSAX. 

B Hepkecueyrouem OyleT YNOMAHYTO 0 CBA3AX, PaSBHBAIOMIMXCA B COlMMa- 
JIMCTHYECKOM XO3AHCTBEHHOM CTpOe MEXKAY UCCHeAOBaTeILCKOM padoToH B Mmpo- 
MBILUJICHHOCTH M MpOW3BOANTebHOCTbIO Tpy/la. 3 

TIpOusBOAMTeIBHOCTA Tpya MOoKeT ObIT SHAYHTENBHO MOBbIWeHAa MIM T0- 
HW)KeHa MOM, LeHCTBHEM H€CKOJIbKUX 6HeWIHUX Pakmopoés, HE3AaBUCHMBIX OT pa- 
O0THI uccreOBaTeNeit. 

Takum (akTOpoM ABIAeTCA, Mperkye Bcero, mMexHuYecKuli yposens OaHHolt 
OMPACAU NPOMBLULLACHHOCMU, B KOTOPOH UCMONb3YWTCA JOCTHXKeHMA Hay4Horo 
MCCIeMOBAHUA. T1OAHATHe CpaBHUTeNbHO OoNee OTCTaNOi OT MupoBOrO ypoBHA 
OTPacIM MPOMbIMIIeHHOCTH MyTeM IpHMeHeHHA PpeS8yAbTATOB UCCeqOBaHUA, 
KOHCYHO, MpekcraBiAaer coOoi Oonee Nerkylo 3ajayy, YeM JabHelmee pasBuTue 
TaKOH OTPaCJIM MPOMbILUJIeHHOCTH, KOTOPad JOCTHTIa MMpOBOrO ypoBHA MAK 
O1usKa K Hemy. Ho B ciyy¥ae cpaBHUTeIbHO oTCTaBUel OT MMpOBOrO yYpoBHA 
OTPaCIH MPOMBILWICHHOCTH BMeCTO BeeHHA MCCIeELOBAaTeNbCKUX padoT ropasNo 
Oonee YeecooOpasHo NpuHATHe HeOOxOAMMBIX NaTeHTOB, TJIaHOBbIX JIOKYMeH- 
Tauui HT. 1. Kpome Toro, BAMAHMe pesysibTATOB uccMe_OBaHUit Ha NOBEIUeHHe 
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MIPOMSBOAMTEILHOCTH Tpyfa ObIBaeT OOpaTHO NponopyMOHAbHbIM NOBBILIEHHIO 
TeXHHYeCKOFO YpOBHA, APYrHMH CNOBaMU : JO Tex NOp, MOKA LWeIbIO ABIIAeTCH 
JalbHeriee pasBuTHe uMeroulelicA TexHonoruu, mpi oMpeeseHHOM YpoBHe 
‘AOCTIOKEHHE arKe HeOObIUIMX pe3yAbTATOB CONpoBOKaeTcA SHAUNTeNDHDIMK 
_83aTpaTaMA. ITO MONO KeHHe OCTaeTCA WeHCTBUTeEILHBIM JO Tex nop, M0Ka He Ha- 

CTYNMT B CBASH C MOBbILeHHeEM TeXHHYeCKOFO YpOBHA MOMeHT, Kora anpHell- 
IMM pOCT NpOUSBOAMTeN_HOCTH Tpyja C UMeloUlelica TexHOMOruel Jamee He Mo- 
KeT ObITb OOectieyeH. B Takom cuyyae cuesyeT nepeliru Ha HOBbIe MYTH, HYKHO 
NOJbICKATh HOBY!O TEXHOJOFHW, JIA KOTOPOH HeOOXOAUMBI TakoKe uccNeqoBaHHA 
B OOaCTH OCHOBHBIX HayK. 

Takoro pojja BHEWIHHM @akTOPOM ABIAeTCA BOMpOC cospemenHocmu obopy- 
O06GHUA KaKOTO-HHOYAb UccAedosamesocKo2o UHcmuUmyma. Urobnt yep>KuBaTb 
oOopyfoBaHue Ha COBpeMeHHOM ypoOBHe — NO JaHHbIM MUpoBoit uTepatypEI — 
HY)KHO roqMuHOe OOHOBNeHHe, MpeBocxosausee 10% oT obmeii croumoctu o60- 
 pyfopanna. Ecnm cpeycrsa, HeoOxofMMble (WIA romMUHOrO OOHOBMeHUA He HMe- 
OTCA B paciOpAKeHHM, TO MO)KET BOSHHKHYTb ONACHOCTL, YTO paboTa uccie- 
 fOBaTeIbCKOFO MHCTHTYTA, MO He3aBHCHMBIM OT Hero OOCTOATeILCTBaM, He ABIIA- 
etc odbexTuBHoii. 

Co CTOpOHbI Hay4HOro UCCIeAOBaHMA B MPOMBILUJIeHHOCTH B KauecTBe JasIb- 
_Heiitiero BHelHero akTopa, BUMAIOWerO Ha POCT NpousBo_MTeNbHOCTH Tpyna, 
MO)KHO YNOMAHYTH elle Mpouz60dcmeéennbill OObEM KakOili-1H00 ompacau npo- 
 mbtuAeHHocmiu. JIpyruMu CHOBaMH 93TO MOKET ObITb BbIPArKeHO HM TaK, YTO PAOM 
¢ jaHHoli TIPOMBULJICHHOCTbIO HYXKHO T103a00THTBCA 00 OpraHusalynu coomeem- 
 cmeyroyee2o uccAedosamesbcKoeo uncmumyma. W600 00beM NpoUsBOACTBa MO)KeT 
_ ObITh pelilatOlMM B TOM CMBICJIe, COOPyrKeHHe KaKOFO HCCeMOBATebCKOTO MHCTH- 
TYTa WeecooOpasHo, ec yoK HeOOXOAMMOCTD TaKOrO COOpy>KeHMA BOSHMKIA. 
TlanbHeiiuiee pasBUuTMe OTPaCIM MPOMbUIIeHHOCTH, j\OCTMTaloujeH MuMpoOBOrO 
YpOBHA MyTeM NpMMeHeHMA pe3yIbTATOB UCCeOBaHHA, OObIKHOBeHHO TpebyetT 
 cO3faHuA OoAbUI0z20 UCCHeOBaTeMbCKOFO MHCTUTYTa, TAK KaK 9TO NpeACTaBsAeT 
coool saylauy Oonee TpyAHyt0, TpeOyiolly!0 SHaYHTebHbIX 3aTpaT CpefCTB. 3Ha- 
YHT, B JaHHOM CIy¥ae BOMpOC CTOHT TaK: ABIAeTCA JIM 9PeKTMBHbIM CO3aHHe 
TaKOFO MHCTUTYTA, C yYeTOM OObeEMa MpOUsBOACTBa H3y4aeMOH OTpacsIM MpOMBIL- 
“sIeHHOCTH, 3HAUMT, B aHHOM Culyyae pelllalouMM PakTOPOM ABAeTCA : crocob- 
HOCTb OObeMa MpOMSBOACTBa OTPaCsIM MPOMBILINeHHOCTH NOKpbITb pacxospl. Bot 
9TO culeflyeT CpaBHUTb C OPKMZaeMbIMM pesybTaTamu. MooKHO MpeycTaBuTh uM 
TakOli cuyuaii, Kora opraHusaluA OoN_WOTO UCCTeOBaTeM_CKOTO MHCTUTyTA 
JIA OTPacsIM MpPOMBILIeHHOCTH OyeT aPeKTMBHBIM TOJIBKO B TOM Calyyae, CCIM 
—OOBeEM MpOv3BOACTBA OTPaCIM TPOMbILLJICHHOCTH MOKET ObITE 3HaUMTeJIbHO 
yBeyimueH (HallpwMep B paMKax jloroBopa 0 XO3AHCTBEHHOM B3aMMONOMOLIH). 
Co cTOpoOHbI Hay4HOrO MCCIe{OBaHUA BO3MOKHO M CyeCTBOBaHue Apyroro 
Takoro akTopa, CKasbIBalolerocA Ha NpOUSBOAMTEMbHOCTH TPyia. CooTseT- 
CTBYIOMMH yueT 9THX PAKTOPOB ABIIACTCA MpeANOCBLIKOH TOTO, yTOObI Cama M10 
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cede WeHHad M YcielHad uCcHeOBaTeM_CKad paboTa Halila BbIpParKeHHe H B 
pocTe MpOvSBOAMTeIbHOCTH Tpy/la. 

TlanbHetimad 3aqaya CBOMTCA K TOMY, UTOObI ONpeseIUTh : KOe0a, KaKUM 
06pa30M U 20€ MOKKHO U3MepHTb WelicTBNe pe3yIbTATOB Hay4HOTO UCCIeOBAHKA 
Ha MpOW3BOJMTeIbHOCTR Tpyia. 

B cBa3H ¢ MepéblM BOTIpOCOM OMbIT B CpesqHeEM MHPOBOM MacuiTabe NOKasbl- 
BaeT, UTO Ha NOMTOTOBKY ucceqoBaTeNeli HeOOXOAMMO TIpHOMMSHTeILHO NATE 
get, Jlasiee, UTO pumepHo 50% pabouel cunbl OT OOUero YMCA SAHATHIX B MCCIIC~ 
WOBaTeNbCKOH padoTe ABAAeTCA CNOCOOHEIM JIA BeeHHA UCCMeLOBaTeIbCKOH 
paOoTH. SHauNT, TpeOyeTCA IIpHMepHO JeCATh eT, MOKA 6 HOGbIX UCCIeMOBaTeIb~ 
CKUX MHCTHTYTaX BOSHMKHeT HeOOXOMMOe KOJIMYECTBO COOTBETCTBeEHHO NOMTO- 
TOBJICHHBIX MCCesoBaTesen. 


B cBa3H C 6MopbIM BOTIPOCOM, MperxkKje BCerO C TOUKM 3peHHA U3MepAeMOCTH 
pe3yILTATOB ClekyeT pasIH4aTbh Ba BHfa UCCIeELOBATeI_CKOH padoTHI, KOTOpbIe 
Mpyr oT pyra KopeHHbIM 0Opa30M OTMMYAHOTCA. OJMH BH, MOXKHO Obl Ha3BaTb 
UCCIeMOBATeIbCKOM paboTOH, cocpedomoueHHOu BboKpye OOHOU Yeru (HallpuMep, 
MpOWSBOACTBO HOBOTO pajHOaliNapatTa WIM HOBOTO THMa MpoOsyKWHH); Opyeotl 
yice BuO KOMNAeKCHbIT B TOM CMbICJI€é, YTO HMee€T HeCKOJIbKO Welle (HalipHmep, 
UCCIeOBaHHe CNIAaBOB — Me@>Ky MpOuMM HU JIA payHOMpHeMHHKOB). B oboux 
cnyyaAx oOOuel XapaKTepHCTHKOH UCCIeMOBaTeLCKOM padoOTbl ABJIAeTCA TO, 
YTO pesyJIbTAaT BCerfla paCCUHTaH Ha POCT MpPOHSBOACTBa, NOHWKeHHe CeOecTOH- 
MOCTH, YJIy4uleHHe KayecTBa, HeE3aBHCHMO OT TOFO, MpOHCXOAMT IM 9TO NyTeM 
NOBbILICHHA TEXHHYeCKOFO YPOBHA WJM NyTeM JIyyWero MCNONbSOBAaHMA HMerIO- 
iweHcA MOWHOCTH. 


HismepAeMOCTh JOCTHOKHMBIX pe3yJIbTAaTOB POPMUpyeTCA COBepIeHHO NO 
pyromy B Culydae UCCeMOBaHHA, COCpeMOTOUeHHOTO Ha OJHY WeL, H MCCHe- 
joBaHuA, Npecneyrousero Oompwme wenel. 


3a KaKbIM SHAYMTEIBHBIM PC3YIbTATOM TIPOMBILUIeHHOFO UCCeqOBaHHA, 
cocpeOTOYeHHOrO Ha OFHY Leib, Ha MpeANPHATHH H B OTPacsM NPOMBIUIIeHHOCTH 
cneqyeT KallHTaslOBsOKeHHe, HeOOXOAKMOe AA OCYLIECTBIeHHA pe3ysBTAaTA. 
UelicrBue KaNvTaOBIOKeHHA, KOTOPOe BCMeACTBMe pesybTAaTa MpOMBILLeH- 
HOrO HCCUeOBAHHA HacTyNaeT Kak JeHCTBUe NOBBIWAOWee MPOHSBOACTBO, NOHH- 
Kaloulee CeOeCTOHMOCTD, T. €. yyullaloulee KayeCTBO, MOJcem ObIMS U3MepeHO 
MONKO Y saKAsbIEAHOLYeeoO NpeONPUAMUA UAU 6 OMpAacAU NpOMbLULLAeHHOCMU Tak, 
uTOObI M3 BCerO KaNMTANOBNOHKeHUA BbIACHHAaCh H oieKTHBHOCTE BJIOKeHHH, 
MPHXOAMMAX Ha LOO LOCTHPKEHHA Pe3yIbTATa HCCIeOBAaHHA. DhdeKTHBHOCT. 
STOFO KallNTaOBOKeEHHA NOABIACTCA B TeX M3eNHAX MpeMpHATHA HM OT- 
Pac MpPOMBILVJIeHHOCTH, B HHTepeCaX KOTOPbIX pe38yIbTaT MCCMeOBaHHA OBIT 
HCNOMb3OBaH. JpyrMMH C1OBaMM 9TO MO)KHO BbIPasHTb Tak, uTO opPeKTHBHOCTh 
HeHCTBUA HCCHeOBAHUA, COCpeAOTOUeHHOTO Ha OMHY Web, C Web NOBBIMEHHA 
MPOHSBOAMTENBHOCTH Tpya, MOncem ObIMb UZMepeHa MoAbKO NposepKoli aKorlo- 
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MULecKou IpPekmusHocmu npeonpusmusA uAU ompac.u N PCMbUUACHHOCMU, ACO b~ 
SYIOIUMX Pe3yIbTAaT UCCeMOBaHHA. 

Helicrene P€SYIbTATOB NPOMBIWJIEHHOFO UCCNeOBaHUA, UMeIOIUerO GOs 
me Wee, Ha NPOMSBOMMTEILHOCT Tpyfa OYeHb TPyYAHO BbIPasvTb, TaK Kak 
PEsyAbTAT, HaNPUMep B MpOWSBOAAMEM MpeAIPUATHM CKAsbIBAeTCA B Topas; 
 MeHbUleli Mepe, 4eM y BCeX JaIbHeiIUMX YaCTO BeCbMa MHOFOUMCAeHHBIX noTpedu- 
: Teel, KOTOpbie MpvoOperaT JaHHbiit NpOAYKT OT NpoUsBoAAUero npeqMpuATus 
AIA CBOUX Ieneli, A CBonx usjenMit unM MpoxyKToB. Hanpumep, Kakoe-To 
TIPeMIPHATHE B pe3yIbTaTe HOBeMINMX UCCNELOBaHHit NpoUsBoAUT TenmocTOMKUI 
cab. JKOHOMMYECKHH Pe3yIbTAT MpOMSBOACTBa HOBOTO MpOlyKTa Ha Mpons~ 
BOAMEM MpeMIPHATHH NPOABIAeTCA OOBIMHO B MeHbllleii CTerleHM, YeM CKaKeM 
Ha 3aB0jle ra3OBbIX TYPOMH, KOTOPHIii IA NOBLILICHMA KN, TypOnHb! panbue 
APyrux 3aBo0B MpuooperaeT TOT MpoRyKT. 

CyMMMpyx BbILeCKa3aHHoe, MpH OWeHKe JeiicTBUA PesybTAaTOB MpoMBIUI- 
J€HHOFO HCCIeAOBAHHA Ha MPOWSBOAMTEIbHOCTL Tpyfla CeyeT yuecTh cresyro- 
IHe TOUKM 3peHHs : 

1. IIpu oueHKe Kakoro- HUOY Ib pe3yJIbTaTa MO ucCeOBaHHW BCerfa HYK- 
HO HM€Tb B BUHAY OTHOMWeHHe TEXHHYeCKOrO ypOBHA OTpacin-NoTpebuTeNnA K 
MHpOBOMY YpOBHW. TOBOpHTh O pe3syLTaTax HCceoBaHuA PakTuYecKH sppek- 
THBHbIX MO)KHO TOJIBKO B TaKHX OTPaCJIAX MpOMBILWJIeCHHOCTH, re TeXHnyecKuit 
ypOBeHb OCTHraeT MHpOBOrO ypoBHA. B Takux OTpaCcAX MpPOMBILWJIeHHOCTH, B 
KOTOPbIX Te€XHMYeCKHH YPpOBeHb H¥Ke MUPOBOTO, B OOMbIWMHCTBE cyyyaes. 
IjeecooOpasHee BMECTO BeJeHHA UCCIEMOBAaTeIbCKOH padoTbI — eCJIM STO TOJIbKO 
BO3MO0)KHO — IIPHHATb YoKe MMEWIIHECA pe3yILTATbI NyTeM MOKYMKM COOTBeET- 
CTBYIOIUHX MaTeHTOB WIM MylaioBol OKyMeHTauun. B TakoM cylydae MpoBo- 
JIATCA TOJIbKO Te SKCMePHMeHTHI, KOTOPble HYKHbI JIA COOTBETCTBYIOWMErO OTeUe- 
CTBeHHOrO IMpHMeHeHHA. 

2. OueHHTbh UNPPOBLIMM JaHHbIMH jleHCTBHE Pe3yILTATOB UCCIeMOBAHUA 
Ha POCT MpOu3BOJMTeIbHOCTH TPYjla MO)KHO JIMIUb B TOM CuIy4ae, CCA OHO Cocpe- 
Oomo4eHo Ha OOHY Yes, A VMCHHO B TOM MIpeANIpHATHH WIM B TOM OTpaciM Npo- 
MBIIIJICHHOCTH, KOTOPbIe 3aka3asIM WIM HUCMONIb30BaIM TaKoe UCCIeOBaHHe. 
B TakoM ciyyae MpeAMpHATHE WIM OTPaCsb MpOMbILLIeHHOCTH OJDKHbI MpHda~ 
BUTb K KallWTaJIbHbIM 3aTpataM, CJIy?KalMM MpOUSBOACTBY KaKOro-s1M60 NposyKTa. 
WIM W3eHA, elle HU BasOBble pacXOf[bI M0 MpOMBILJIeEHHOMY HCCIeOBaHuWO, He-~ 
OOXOMMMEIe JIA MpOMSBOACTBa JaHHOrO MpOAyKTa WIM W3eIMA M BCE KanlnTasb~ 
Hble 3aTpaTbl TaAKHM 0Opa30M CpaBHUMBAalOTCA C XO3AHCTBCHHBIMM Pe3ybTaTaMH, 
JIOCTHTaeMbIMH JlaHHbIM IIpOYKTOM WJM U3/eIMeM. 

3. Pesyasmam uccAedosanusn, npecaedywuje2o HecKOAbKO Yesell, MOKET 
ObITh C TPYAOM OLeHeH WMPpOBbIMM AaHHbIMH, NOSTOMY ero Yale BCero AeNaer 
BBICIUee PYKOBOACTBO OTPaCsb¥O MpOMBILUJIEHHOCTH jWIA OOUIErO PasBUTHA HayKu 
M eFO pe3yJIbTATI UCMOJIbSYIOTCA Ha CaMbIX PasNMUHbIX YPOBHAX M [MIA CaMbIx 
pasHooOpasHelimux were. B cynHocTu oOcyxKaeHHe pesyIbTaTa TakOrO MCce~ 
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WOBaTeIbCKOFO Tpyla COBNasaeT C OOcyKTeHHEM PesyJIbTATA B OOACTH OCHOBHEIX) 
HayK, YTO IKOHOMMYECKM OblBaeT efBa OL|CHHMO. ; 

4, Vismepsemocth npombuusenHoli uccredogamedbcKou pabomiel, coc pedo-- 
moueHHoli Ha OOHY YeAb, CTAHOBUTCA BOSMOKHOH TakoKe TOF a, KOra OCyIMeCcTBIE-- 
Hue ero Moncem Obl TOUHO NAGHUpoOsaHo, TaK KaK MpoBeeHue TaKux paoor! 
MOKeT ObITh OCHOBAHO TOJIbKO Ha pa3paO0TaHHbIX Hay4HbIxX Hayanax. Ecuu “4 
TaKUX CYUeCTBYIOWMX, paspaOoTaHHbIX Hava B JaHHOH MCCHeMOBaTebCKON | 
"Teme elje He MMeeTCA, TO laHMpOBaHHaA MCCeOBaTeILCKaA paboTa Mpuodpe-: 
‘TaeT ONATb XapakTep OCHOBHO-Hay¥HbI, YTO MO OTHOWEHHIO K 3aKaSUHKY He: 
JlaeT BO3MO)KHOCTH OOeCHeYMTL COOTBETCTBYIOWMH CpOK. Saka3YHK B TaKOM 
cmyyae He Mor ObI pacCUMTHIBATh Ha TO, YTO 3aTPayeHHble Ha UCCIeAOBATeIbCKYO 
paOoTy cpeycTBa, KaKuM O0Opa3s0M OyAyT BO3MeLeHBI. 

5. Coomuowenue mercy UCcAeOOeAHUAM, U OCpeOoOMoOeHHbIMU Ha OOHY U 
doAbue YeAeli, 3aBMCUT MperKe BCerO OT TeXHMYECKOTO YPOBHA, CTeNeHM pa3- 
BUTHA HT. J. TOTO MpesNpUATUA WIM TOH OTPacsIM MpOMBbILJIEHHOCTH, B MHTepecax 
KOTOPBbIX OHM BelyTCA. 

B MpoMbIllisIeHHOCTH elle He JOCTHTWel MMpOBOTO ypOBHA — eCJIM 3TO 
Boobme HeOOXOAuMO — peUb MOKET HATH, B NepByHO Oyepesb, 00 ncceqOBaHHH, 
‘COCpeOTOUeHHOM Ha OJHY Wesb. Ilo Mepe Toro, KaK TEXHMYeCKHH YpOBeHb KaKOro- 
31H60 NpeANpUATHA WIM OTPaCJIM NPOMBILWJIEHHOCTH JOCTHTaeT MHPOBOFO YpOBHA, 
vuHaye TOBOpsA, 4em Ooslee CIO#KHaA paboTa TpebyeTcaA Ha JaNbHelwee pasBuTHe 
HX TIPOMYKTOB WIM MX U3eMi, OOBIKHOBEHHO TeM CJIOXKHeEe HM MHOFOCTOpOHHee 
JOJDKHO ObITh NCCeAOBaHne.* 

Tpemutl, UW B TO Ke BpeMA NocAeOHUL Bonpoc: Te MOXKHO OLe€HUTb WIM 
M3MEPMTb pe3yJIbTAThI MCCIeMOBATeIbCKOM paodoTHl, BIIMAIOWMe Ha pocT Mpons- 
BOMMTebHOCTH Tpyqa. M3 BpilecKasaHHOro CyleqyeT, YTO 9TH MpOBepKH HYKHO 
MpOMSBECTH Ha YpOBHe NpednpuamuA U OMpacAU NpoOMblLLACHHOCMU, a TakOKe Ha 
YpOBHe HapooHoed xo3aticmea. 

Hcecaedosamessckue pabombl, cocpedomouenHble Ha OOHY Yeo, pesyNbTATHI 
KOTOPbIX IPH MpoBepKe IPPeKTHBHOCTH MPOAYKTOB WIM uSLenHi MCNONLSyHO- 
wero NpeMIpHATHA WIM OTpaCIM MpOMBIWWIeHHOCTH, JOBOJIbHO XOpolo Mop- 
BepraloTcnA OWCHKe WMPPOBLIMH JaHHbIMM — MO2KHO H3MepHTb Ha ypoOBHe nped- 


* B cBASH C SKOHOMHMYECKO SppeKTHBHOCTHIO HCCeAOBATeEMbCKUX padoT caleqyeT OT- 
ACIbHO OCTAHOBHTCA Ha HEYMeCTHOH MpaKTHKe, YacTO HaOMMAAeMO! TaKKe y HAC, KOTOPyl0 
MOKHO ObI10 Obl HASBATb KMOBTOPHbIM H300peTeHHem». Hepegko OpiBaeT cayyai, YTO BexyTCA 
AOJTOBPeMCHHbIe HCCIeAOBAHHA Ha OCHOBE HHOCTPaHHbIX JHMTepaTyPHBIX JaHHbIX CO 3Ha4H- 
TCIbHOH SaTpaTOH cpeAcTB C WeMbIO MpousBOACTBAa TaKOrO HsseNMA, KOTOpOe MOKeT ObITb 
MpHOOpereHo 3a LeBHsy B roTOBOM Bue. Ho onbiT yale BCero MOATBEprKAaeT, 4TO STH HcCJIeqO- 
BaTCJIbCKHE PaooTH!, MPHYMHOH KOTOPIX ABJIACTCA SKOHOMHA EBH3bI, B KOHEYHOM UTOre mpey- 
CTaBIAeT COOOH AIX HapoAHOro xossalicrBa Oonee yObITOUHOe peuleHie, HerKesIN TO, ecIH Opt 
MYTEM SaTpaTbI CBUSbI MbI MPHBCSJIM TOTOBOe HsfeIMe MH Ha OCHOBEe 3TOO MpHcTyNMIM K ero 
OTEYECTBCHHOMY MIpOHsBOACTBY. He pas OblBaeT, YTO TaKOe «MOBTOPHOe H30OpeTeHMey FOPoOKe 
H XyKe MOMIMHHOrO. Hecmorps Ha XOSsAiicTBeHHbIt YOLITOK, AabHeiiuIMM MOpaibHEIM HeqO- 
CTATKOM STOPO PeCLICHHA ABIACTCA TO, YTO TAKAA eATCMIbHOCT PacleHHBaeTCA KaK «HCcCeqO- 
BaTeIbCKAaA padoTay, KOTOPaA Ha CaMOM flee He YTO HHOe, Kak HayuHad (Xasitypay. . 
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Npusmua UAL OMpacAU NpoMeluAeHHOcmUu. MO*KHO NpoBepuTb pesyAbETaThI 
TOPO KE MCCIELOBAHUA C TOUKM 3peHNA HapOMHO-XO3AHCTBeEHHON spdeKTHBHOCTH. 
| BiusAHve Ha MpOUSBOAMTEIbHOCTh Tpyfa pesyETATOB ucczedogameocKoti 

padombl C HeCKOABKUMU YeAIMU Ha YPOBHE NpesIpnATUA WIM OTpacsM MpoMBI- 
JI€HHOCTH, Kak MpaBuso, BOBCe Hensmepumo. B npeoObsagatoujem OonbuMHcTBe 
“calydaeB Ha YpOBHe HaposHOro XOssAiCTBa MOXKHO OL[CHHTb TOKO UX OOlIee WIM 

AIPHHUMMNMabHOe 3HaYeHHe, HO BbIPasuTh UX jelicTBHe TOUHBIMM IMppoBbImn 
JI4HHBIMM TMOYTH HeBO3MOIKHO. 

Hakouell, B OMAIUHeEM OTHOWeHHH OBO Ob HeOOXOAMMO NO VepKaTh 

Oonee ObICTpOe MU WiMpOKOe BHeMpeHHe pesyMbTATOB HayYHOrO MCCIeOBaHUA B 

S3aHuHTepeCOBaHHbIX OTPaCIAX MPOMBILMVJICHHOCTH NYTeM COOTBETCTBYIOLNMX MOO 

peHui. Ina ocTwKeHnA Wes elCTBUTeIbHaxA B HacTOHWee BPeMA MpeMHasIb- 
Has CHCTeMa HYK[aeTCA B MOMpaBKaX BO MHOTMX OTHOMICHHAX, 


Anou Kaap, 3aBefyoului OTesI0OM HayyHoro MHCTHTyTa bysanewtcKoro 
_Tlonutexuuyeckoro Yuupepcuteta. byaneut, Miegyetem-rakpart 3, Benrpua. 
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EQUIPMENT FOR WELDING ELECTRODE MANUFACTURING 


By 
M. MAtTrRay 


Chief technologist 


The designing and production of welding electrode manufacturing 
equipment has opened new vistas before the Hungarian machine building 
industry. 

It is a highly significant feature of this equipment that its machines 
are also used in other fields of technique, but for the manufacturing of welding 
electrodes they had to be supplied with special devices. One might add that 
a major part of machinery used for the manufacture of welding electrodes 
consists of single-purpose machines developed parallel with the technique of 
electrode manufacturing. This applies, above all, to the so-called extruding 
machine which serves to provide the wire with its coating. 

When analyzing the origin and the development of equipment for welding 
electrode manufacturing it is very interesting to note that it has been designed 
and built mostly in the welding electrode factories themselves. 

The answer to this question can be found in the special requirements 
of welding electrode manufacturing. Production is anxious to meet the 
requirements of the rapidly developing welding industry ; it is possible only 
by putting welding electrodes of ever higher performance on the market. 
These efforts are usually connected with a development of coating formulae 
based on the available raw materials, without, however, altering to a greater 
extent the technique of coating mass manufacturing which depends on the 
extruding system. It means in other words, that the trends in the development 
of coating powders are influenced by the electrode manufacturing equipment. 
_ From this point of view it seems particulary advantageous when equipment 

for welding electrode manufacturing is produced by works disposing of both 
welding electrode manufacturing and machine building departments. The 
flow-sheet of an up-to-date welding electrode plant is shown on Fig. 1. 

Welding electrodes have been produced in Hungary for 30 years. Their 
quality meets the world market standards, the different brands are exported 
to a series of countries. Their high quality is warranted not only by the up- 
to-date laboratories for product development and welding technique but also 
by an advanced production standard based on a suitable machine park. Types 
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hitherto developed allow the series production of complete electrode manu- 
facturing plants, both as regards their modernity and output. ine , 

Equipment for welding electrode manufacturing can be divides! into 
four main groups, i. e. machinery for producing coating powders, machin 
for wire processing, electrode extruding machinery and electrode drying 
equipment. 


Coating powders can be prepared either from ready-bought pulverized 
minerals or from lump ores. In case pulverized minerals are bought, only 
vibrating screens and powder-homogenizing machines are needed. 

Vibrating screens suitable for producing coating powders are of a some- 
what different size and design than other standard screening equipment. 
Vibrating screens are quite closed and, accordingly, run without causing dust. 
Besides, the quick replacement of the wire cloth is ensured. The size of sieving 
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surface is given by the requirements of economical sieving of the finely ground 
powder constituents ; the economy of their performance is highly enhanced 
by adding a feeding device to the screen. 

The Hungatian-made powder homogenizing machine is in ptinciple a 
rotating drum of about 100 litres capacity, provided with a bladed wheel of 
special shape rotating in opposite sense. The bladed wheel lifts and lets back 
_ the coating powder the different constituents of which had been fed into the 
homogenizer. 

This is made in a way to ensure the migration of all grains within the 
homogenizer space. A batch of 200 kgs powder shows an entirely homogeneous 
distribution after 5 minutes mixing when testing a component of any specific 
weight. Feeding and discharging of the machine is practically free from dusting. 

If the coating powder is manufactured from lump ores the necessary 
equipment covers ore driers, crushers, screening and fine pulverizing machines 
as well as feeding and discharging devices for their continuous or batch-like 
operation. These machines and devices are the same as are in use for standard 
mineral pulverizing, thus their detailed description seems unnecessary in this 
paper. It should be mentioned, however, that the formation of dust has been 
largely eliminated with all powder-processing machinery, rather an important 
feature when considering the fine grain of the powders used for electrode 
manufacturing. It involves that dust impairing the health of the operators 
is eliminated. Such danger is signalled by automatic devices while the machinery 
is protected by safety protectors. An important point within the powder 
producing shop is also the economical handling of raw materials of various 
shapes and specific weight inside the shop. This problem can be solved by 
cranes or pneumatic devices, according to the capacity of the shop. 

Wire processing starts from wire drawn to exact size and arriving in 
coils. The wire must be processed to very close tolerances regarding both 
straightness and length; the cuts be clean of burrs. These requirements are 
very important since the concentricity of the coating during the extruding 
operation greatly depends on them. This is why the straightening machines 
for electrodes differ greatly from similar machinery used in standard wire 
processing. Perfect straightness of the wire is ensured by a suitable setting 
of the straightening jaws inside the straightening body as well as oe several 
pairs of synchronously rotating wire-transporting rolls. Exact cutting lengths 
can be achieved only by cutting mechanism with forced operation and not 
with the standard stop mechanisms. A special device is also needed for attaining 
cutting surfaces without burrs, especially with the wire of a dia less than 4 mms. 
Besides, the tools must be also of best quality with lasting edges. The device 
ensuring cleanness from burrs is produced on client's special requests. Os all 
these quality requirements are observed that the wire straightening machines 


generally employed have an output about 50 per cent lower than that of the 
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electrode extruding presses. Using the single-purpose machines developed for 
wire straightening and cutting, it was possible to step the output by about 
20 per cent. By the use of auxiliary equipment, the down-times were consider- 
ably lowered, so these machines have, after all, a yield of nearly 75 per cent 
of the extruding presses. 

Coating mass is manufactured by homogeneously mixing the coating — 
powder with waterglass (solution of alkali silicate). For this operation, special 
mixers with two rolls and a disc rotating in opposite sense should be used 
since they work very satisfactorily and ensure within a very short period a 
consistency of the mass best suited for the extrusion operation. 

The extruding press is the most important unit in welding electrode 
manufacturing. It is in this equipment that the coating mass is pressed onto 
the wire and the electrode assumes its final shape. 

The electrode extruding press is in fact a complex aggregate consisting 
of several machine units: the press proper operated by mechanical or hyd- 
raulic power with its wire-feeding device, different transporting and distri- 
buting constructions and the equipment for forming the contact end of the elec- 
trode. The latter is necessary because the extruding press applies the coating 
onto the full length of the wire. The coating must be removed on a certain 
length to ensure contact of the electrode holder and it seems practical to do 
so while the mass is still in the plastic condition. 

The most important requirement to be met by the extruding machine 
is to yield a coating which is smooth, continuous and adheres well to the wire. 
A most important factor is further the concentric position of the coating on 
the full length of the wire since the welding performance of the electrode 
depends highly on this fact. 

from the many extruding presses, there are three principal types to 
be distinguished. 

The first is characterized by the fact that the direction of movement 
of the mass and the wire include an angle of 90 degrees. These extruding 
presses are built in both vertical or horizontal design (see Fig. 2). 

A characteristic of the second type is that the direction of movement 
of the mass and the wire include an angle of less than 90° degrees. These 
extruding presses are built usually in a horizontal design (see Fig. 3). The 
third type shows a coincidence of both directions of movement. It is the 
so-called co-axial extruding press and is built exclusively in a horizontal design. 

With all these three extruding presses the coating mass is forwarded 
either by mechanical worms or by hydraulic pistons, but in any case period- 
ically. The extruding presses described above show a different rate of mass 
flow thus affecting in varying degrees the concentricity of the coating. Accord- 
ing to the laws of fluid mechanics, the flow properties of the coating mass 
can be expected to be most favourable when the section of the extruding tool 


INDUSTRIAL REVIEW — AUS DER INDUSTRIE 375 


is decreasing so gradually that it secures a steady speed of the mass flow. 
This may be achievedif friction along the walls of the extruding toll and 
within the particles of the mass may equalize. This can be ensured best by 


Fig. 2 


the extruding press types showing an angle of less than 90 degrees between 
i ° e e 
the direction of movement of the mass and the wire or even a coincidence of 
these two directions. In Hungary extruding press type with an angle of 36 
i i t. 
deesrees is being used at presen ; | 
3 The mass is pressed onto the wire by a hydraulic equipment. 
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Subsequent electrode plants are expected to be equipped also oe 
extruding presses working on the principle of screw cOMVvey ores A principle 
of these machines can be seen on Fig. 4. It shows the following advantages a 

The axis of mass-forwarding coincides exactly with the axis of the wire 
to be coated, 5 

the mass is forwarded continuously and without changes of direction, 


thus the concentricity of coating is ensured as far as possible, 


Mast 


if: 


Fig. 4 


the extruding press is operating continuously, ensuring a production 
increase of about 20 per cent, when compared to the periodically operating 
extruding press, 

costly auxiliary equipment (mass cylinders) and mass briquetting equip- 
ment, necessary with other press types, can be dispensed with since this press 
can be fed with mass of no shape whatever. 

As compared to extruding presses with hydraulic equipment, pumping 
equipment with its costly running and maintenance expenses can be omitted. 
The weight and place requirement of the extruding press is considerable 
decreasing. 

Summing up, one may see that the mechanically operated screw-con- 
veyor electrode extruding press is the most up-to-date and, at the same time, 
it is the most simple welding electrode manufacturing unit, developed by 
the use of experience gathered by Hungarian electrode manufactures over 
three decades. After the operation of electrode extrusion, the coating has a 
humidity of 6—8 per cent to be lowered by drying to a figure of 1.0—0.5 per 
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cent. After extrusion, the coating is still in a plastic condition and can be 
easily damaged, therefore it is important that no mechanical force is acting 
on it during drying. It is not advisable to dry electrodes piled up in several 
layers. A further important requirement is the uniform heat transfer to the 
full coating surface during drying. 
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Up-to-date electrode drying equipment has a powerful heating source 
which may he sensitively and gradually controlled within the Rn ECRary) Jane 
ature ranges. The heating equipment consists of dark radiating electric 
oe i ial desi f the heating tubes, they have 
heating tubes. Owing to the special design of th as 
a long operating life. These tubes have a power consumption as low ix a 
per cent of standard resistance-heated equipment. The or ode _ orwar ee ; 
by an infinitely variable continuous conveyor. The distance between 
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individual electrodes may be predetermined and Le the output of the 
aggregate synchronized with the output of the extruding press. In we | 
of the drying part, the igniting end of the cletirode is formed. The whole : 
aggregate has a length of about 30 metres. This relatively UR Cryin path. 
could only be reached by the use of dark radiating electric neue tube 
Owing to its simple design, the drying equipment needs no special ee ' 
or maintenance, and electrodes of all usual lengths may be treated on this 
equipment (see Fig. 5). 

seth ae eae manufacturing units discussed above show the trends 
in modern Hungarian electrode manufacturing. Under the production prog- 
ramme, there are further to be found auxiliary equipments such as complete 
crushing, pulverizing and grading machinery, special powder. storie and 
feeding devices, together with adjoining material handling facilities. It shonl® 
be especially stressed that in the course of designing the powder processing 
and forwarding equipment special care was paid to avoid the dust formation, 
caring hereby for the health of the operators (coating powders inclade the 
danger of silicosis and manganese poisoning). 

The use of up-to-date controlling and measuring instruments deserves 
special attention. Among these, just one type should be mentioned: the 
instrument determining continuously the dielectric constant of the coating 
and determining hereby quickly and simply its moisture contents. This 
instrument is also produced as a portable type for shop purposes and allows 
frequent control both in the electrode manufacturing works and at the con- 
sumer’s. 

With respect to the limited space, this paper could not aim at a detailed 
description of the mentioned electrode manufacturing equipment. Specialists 
will be able to see from the details given that Hungarian craftsmen know 
how to cope with their problems and are familiar with the latest trends on 
a world scale. It was not without importance to consider these problems since 
the consumption of electrodes has increased these last five years, even in 
the most advanced industrial countries, by yearly 8—10 per cent. This is 
given by the ever increasing application of are welding, in spite of the many 
automatic arc-welding processes already in use. Design and execution of 
modern welding electrode manufacturing equipment of Hungarian origin has 
not been restricted, as can be seen, to the development of single machines 
or aggregates. On the contrary, the greatest efforts have been made to elaborate 
a manufacturing technology for welding electrodes meeting the welding 
requirements of to-day. This paper has been written with the aim to call 
the attention of all those interested in the performance and the level attained 


in Hungary and at the same time to make our readers visualize the modernity 
-of our manufacturing equipment. 
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Recent Advances in Atmospheric Electricity 


Editor: L. G. Smitru, M. A., Ph. D. 
Pergamon Press, 1958. 631 p. 425 Figs. 


The book contains 59 papers and short 
eontributions, as well as discussions on them, 
3. e. the proceedings of the Second Conference 
on Atmospheric Electricity held at Ports- 
mouth, New Hampshire, May 20—23, 1958. 
Being published in September of the same 
year, it ought to be praised as a top perform- 
ance of editing efficiency. It is well known 
to people who have confronted the job of 
publishing the material of a conference with 
so many lecturers how much work is needed 
for making from the lectures a publication 
in form of a book; I think that such people 
might be able to appreciate the work of the 
coordinator, in this case the Wentworth 
Institute, and also that of the Pergamon 
Press. 

So I believe that this extraordinary per- 
formance in itself would deserve a digest 
longer than usual. But there is yet another 
reason for a longer review: if we want to 
inform our readers as completely as the topic 
and the book deserve, we have to enumerate 
the authors and the titles of all papers and 
¢ontributions which are to be found in the 
book. After this, we will point out some of 
them, which seem to be of particular interest 
to electrical engineers. 

The proceedings are divided into three 
parts : fair weather electricity, thunderstorm 
electricity and lightning discharges. 

The papers and contributions in these 
three groups are as follows: 


I. Fair weather electricity 


1. E. T. Pierce: Some Topics in Atmos- 
pheric Electricity. 

2. P. J. Nowan : Small Nuclei Produced by 
Discharge at a Point. 

3. R.C. Sacatyn: The Production and 
Removal of Small Ions and Charged 
Nuclei over the Atlantic Ocean. 

4, L. W. Pownax and A. L. Merniexks : The 
Diffusion Coefficient of Large Ions. 


5. G, A. Faucnwer: A Study of Air Flow 
in a Large-Ion Chamber. 

6. J. F. Crank: The Fair-Weather Atmos- 
pheric Electric Potential and its Gra- 
dient. 

7. J. H. KrRaakevik : Electrical Conduction 
and Convection Currents in the Tropos- 
phere. 

. 5. P. VENKITESHWARAN: Measurement 
of the Electrical Potential Gradient and 
Conductivity by Radiosonde at Poona, 
India. 

9. L, KoENIGSFELD: Observations on the 
Relations between Atmospheric Poten- 
tial Gradient on the Ground and in 
Altitude, and Artificial Radioactivity. 


10. H.O. Curtis and M. C, Hytanp: Air- 
craft Measurements of the Ratio of 
Negative to Positive Conductivity. 

11. H. Hatakeyama, J. Kosayasar, T. 
Kiraoka and K. Ucuixawa: A Radio- 
sonde Instrument for the Measurement 
of Atmospheric Electricity and its 
Flight Results. 

12. H.W. Kasemir and L.H. RUHNKE: 
Antenna Problems of Measurements of 
the Air-Earth Currents. 

13. H. Isratt: The Atmospheric Electric 
Agitation, 

14. M. Kawano: The Local Anomaly of the 
Diurnal Variation of the Atmospheric 
Electric Field. 

15. R. Reirer and M. Reirer: Relations 
between the Contents of Nitrate and 
Nitrite Ions in Precipitations and Simul- 
taneous Atmospheric Electric Processes. 


16. H. DotezaLeK : Problems in Atmospher- 
ic Electric Synoptic Investigations. 

17. R. MiuHLeIseN : The Influence of Water 
on the Atmospheric Electrical Field. 

18. R.H.D. Barkuw, W. WairLock and 
G. Haperrietp: Observations of the 
Reactions between Small Ions and (a) 
Cloud Droplets, (b) Aitken Nuclei. 


oo 


19. 


20. 


14, 


. D. R. Fitzc¢erRatp 


. S. CHAPMAN: 
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Contributions 


H. Isratn: The Man-made Radio- 
activity of the Atmosphere at Aachen 
on April, 1, 1958 and its Origin. 

O. C. Jones, R.S. MADDEVER and J. H. 
SANDERS : Radiosonde Measurements of 
Vertical Electric Field and Conductivity 
in the Lower Atmosphere. 


. R. C. SAGALYN : Significance of the Ratio 


of the Polar Conductivities in Regions 
of Variable Pollution Content. 


. G. P. Sersu: Atmospheric Electricity 


and Advection Fog Forecasting. 


. D. L. Harris: Atmospherie Artificial 


Radioactivity. 


Thunderstorm Electricity 


and H.R. Byers: 
Aircraft Observations of Convective 


Cloud Electrification. 


. Y. Tamura: Investigations on the Elec- 


trical Structure of Thunderstorms. 
Corona-Point Discharge 
in Wind and Application to Thunder- 
clouds. 


. H. Harakryama: The Distribution of 


the Sudden Change of Electric Field on 
the Earth’s Surface due to Lightning 
Discharge. 


. L.G. Smita: Electric Field Studies on 


Florida Thunderstorms. 


. B. VonNEGUT and C. B. Moore: Preli- 


minary Attempts to Influence Convective 
Electrification in Cumulus Clouds by the 
Introduction of Space Charge into Lower 
Atmosphere. 


. C. B. Moort, B. Vonnecur and A. T. 


Borxa: Results of an Experiment to 
Determine Initial Precedence of Organ- 
ized Electrification and Precipitation in 
Thunderstorms. 


. R.M. CunnincHam: Cumulus Circula- 


tion. 


. P. B. MacCreapy Jr.: The Lightning 


Mechanism and its Relation to Natural 
and Artificial Freezing Nuclei. 


. M. Brook : Laboratory Studies on Charge 


Separation During Ice-Ice Contact. 


. J. P. KurvTNer and R. Lavore: Studies 


of Charge Generation During Riming in 
Natural Supercooled Clouds. 


. B. Vonnecut and C. B. Moorer: Giant 


Electrical Storms. 


. P. B. MacCreapy Jr.: Equipment for 


Forecasting Lightning Danger. 


Contributions 


JA: CHALMERS, J. E. Maunp and J. W. 
Mitner: Recent Results on Point 
Discharge. 


15. 


16. 


17. 
18. 


un 


Gy 


16. 


. H. NortnperR and E. KNUDSEN: 


. H. NorinpEr, 


HSE JONES 


~ oR. Bo) Horzer: 


T.W. WormeLt and C.J. ADKINS=: 
Effects of Splashing of Raindrops at the: 
Ground. 

J. C. WitttaMs : Some Properties of the» 
Lower Positive Charge in Thunder- 
clouds. 

V. J. ScHAEFFER: The Electrification of © 
Oil and Water Clouds. 

R. REITER : Observations on the Electri- | 
city of Nimbo-Stratus Clouds. 


Ill. The Lightning Discharge 


. D. Attas : Radar Lightning Echoes and 


Atmospherics in Vertical Cross-Section. 


. C. E. R. Bruce: Terrestrial and Cosmi- 


cal Lightning Discharges. 


. E. L. Hitz: Free Electrons in the Lower 


Atmosphere. 


. M.M. Newman: Lightning Discharge 


Channel Characteristics and Related 


Atmospherics. 


. N. Kiracaw4 and M. KoBAyASHI : 


Tidal-Changes and Variations of Lumi- 
nosity due to Lightning Flashes. 

Com- 
bined Analysis of Daylight Photographs 
of Lightning Paths and Simultaneous 
Oscillographic Records. 

E. KNupsEN and B. 
VotumMeR: Multiple Strokes in Lightning 
Channel. 

; The Identification of 
Lightning Discharges by Spheric Charac- — 


teristics. 


. D. J. Matan: Radiation from Lightning 


Discharges and its Relation to the Dis- 
charge Process. 


. A. Kimpara: Atmospherics in the Far 


East. 


. H. Isaixkawa and A. Kimpara: Light- 


ning Mechanism and Atmospheric Radia- 
tion. 


. C.G. Strercis and J. W. Doyte: Loca- 


tion of Near Lightning Discharges. 
World Thunderstorm 
Activity and Extremely Low Frequency 
Spherics. 


.M:J. Larce and T.W. WormMeELL: 


Fluctuations in the Vertical Electric 
Field in the Frequency Range from 1 
Cycle per Second to 500 Cycles per 
Second. 

W.L.Taytor and L. J. Lance: Some 
Characteristics of VLE Propagation 
Using Atmospheric Waveforms. 

H. W. Curtis : The Nature of Lightning 
Discharges which Initiate Whistlers. 
Closing Remarks by P. H. Wycxorr. 


Among the papers quoted above, the follow- 
ing seem to be of particular interest to electri- 
cal engineers : 


Lee 


BOOK REVIEW — BUCHBESPRECHUNG 


about the currents flowing in the 
lightning return stroke, which is 
given by the formula 


it = ig (eat — e—BPt) 


With) t — 28. 103:A; 
dee les 108 
and B = 4.104 


as parameters. 


about fog forecasting. 


about investigations on the electrical 
structure of thunderstorms. 


about the distribution of the sudden 
change of electric field on the earth’s 
surface due to lightning discharges. 


about giant electrical storms. 


about an equipment for forecasting 
lightning discharges (also very inte- 
resting for many branches of in- 
dustry handling explosives and fuels 
etc.). The equipment described has 


Ill. 


bo 


Ill. 


-~] 
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been found to be capable of giving 
usually a 20—90 minutes warning of 
dangerous lightning conditions. 


. about terrestrial and cosmical light- 


ning discharges. 


. about the multiple strokes in light- 


ning channels. 


about lightning mechanism and at- 
mospheric radiation. 


about the location of near lightning 
discharges: 


about the nature of lightning dischar- 
ges which initiate whistlers. 


We think that this brief survey is suffi- 
cient to show how much interesting informa- 
tion is given in the present book, which will 
be useful in a wide field of industry and 


science. 


Prof. J. Erster, El. Eng., D. Eng., D.Sc. 
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A Budapesti Miszaki Egyetem 


Periodica Polytechnica cimen ide- 
gen nyelvd tudomanyos folydiratot inditott. 


A folyoirat harom sorozatban — vegyé- 
szeti, villamossagi, valamint gépész- és 
altalanos merndki sorozatban — jelenik 


meg, évente négyszer, sorozatonként egy- 
egy kdotetben. Az egyes kotetek terjedelme 
14—18 iv. 

A Periodica Polytechnicaban meg- 
jelend tanulmanyok szerzdi az Egyetem 
tanari karabol és tudomanyos dolgozoibol 
kerilnek ki. Fészerkeszto Dr. Cstrés 
Zoitan egyetemi tanar, akadémikus. 


A folydirat eléfizetési ara sorozatonként 
és kdtetenként 60.— Ft. Megrendelheté 
az Akadémiai Kiadonal (Budapest 62, 
Postafiok 440. NB. egyszamlaszam: O5- 
915-111-44), a kilfold szamara pedig a 
Kultura Konyv és Hirlap Kilkereske- 
delmi Vallalatnal (Bp. 62, Postafiok 149. 
NB. egyszamlaszam: 43-790-057-181) 
illetve a vallalat kulféldi képviseleteinél es 
bizomanyosainal. 
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